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i 



FOREWORD 



When this study began, we assumed that sufficient data and analysi 
would be available for the contractor to collect and integrate Into a • 
usefuT report showing the energy costs* of the federal environmental 
protection prograrfi. We were swiftly disabused of this notion, for the 
following reasons: \ \ * 



1. Most estimates of pollution control energy costs that 
were examined by the contractor are difficult to accept; 
assumptions are not stated, methodology is poorly 
described, and, when the analyses could be fdl Towed, 

■ we felt that many #ene inadequate* 

2. The federal, state and local roles In pollution ^ 
control are intertwined to such an extent that it 
is virtually Impossible to convincingly bre^k out 

the federal share. In this report, therefore, ' * 

* energy costs are given as the total costs of all 

controls in a single medium (air or water) rather t ■ 
than for a single federal statute. 

* ' i 

3. The longer term industry response to pollution controls 

is complex and involves process changes, material sub- 8 . 
stitutions, and lack of compliance as well ^as Installation 
of "end-of-fiipe" treatments, Ah^lyses of energy costs of 
pollution control s Including this qne, typically assume 
end-of-pipe treatment for most Industries* This produces - • 
a conservative (high) estimate of energy costs, since process 
changes may allow satisfaction of environmental standards 
with zero energy costs and possibly wlth^fenergy savings . 



Di f ferences -in pollution control energy use from plant to 
plant can beMarge* suggesting th^t a disaggregated approach, 
would greatly improve ^curacy. This type of approach is 



beyond- the resources of, this study 

Data on the energy costs of various control alternatives is 
not uniformly available or is quite, variable. 

Designs of some Important controls such flue gas 
-scrubbers - are changing sa rapidly that energy costs for 
future systems are highly uncertain. 
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The Implication of these analytical difficulties is that the estimates 
presented here must be treated with caution. The estimates for the tetaf .. 
national energy cost for stationary point source control are probably 
reasonably indicative of what wil-1 actually occur, Since the estimates are 
based on conservative assumptions ( from EPA's viewpoint), the actual cost 
may be somewhat Tower, On the other hand, the energy cost estimates for 
a single industry are subject to such substantial potential for error that 
they are not presented in the text. EPA's Office of Planning and Evaluation 
is now conducting more detailed studies of those industries that appear to 
be Incurring, or that will incur, large energy costs for environmental 
control s v These industries include electric utilities, iron and steel, 
petroleum reffning, copper aid aluminum, pulp and, paper, and 'a "miscellaneous 
category covering S.I.C. codes 21 through 30. Completion of these studies . 
.should 'upgrade the national estimates as well as shed light on any potential 
\for reducing these energy costs, . • - 

The estimated energy required for water and air pollution control of 
stationary point sources In the U.S. is two percent of the nation's energy 
consumption in 1977 and three peroent inf 1983 (Recent changes in both the 
Clean Air Act and the Federal Water Pol luti oh,. Control Act are not considered 
in the analysis). This is an enormous amount of energy , over three 
quadrillion BTU (the equivalent ojf 150' million taftis of coal) per year by 1983 
However, to put this into perspective, the na£r«f's energy budget is growing 
by about this percentage every year; Thus, If environmental controls on air 
and' water pollution were eliminated, the net decrease in energy use would be 
swallowed up by growth in demand in one year. 




IVe Plotkin 
Office of Energy,. Minerals, 
and Industry 
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PREFACE 



This study is a cantinuation of an earlier effort* to estimate the energy 
required to meet pollution standards for stationary point sources. One ob- 
jective of this investigation was to develop forecasts of national energy de- 
mands r both to operate pollution control devices and. to manufacture and supply 
materials used to build the devices. The other goal was to make it possible 
Upr others to modify or update the estimates without having to redo the entire 
si 



The analysis presented here used* information obtained since the earlier 
report was published, Significant 'changes have occurred in the expected costs 
of pollution control, and these changes are reflected in the energy estimates. 
Furthermore, this study does not (for the most part) attempt to' differentiate 
between the total cost for pollution control and that Increment of cost di- 
rectly attributable to specific federal regulations, as did \the earlier study- 
Consequently, forefcasts of energy needed to* support pollution control generally 
are larger In this report thrfn they were in the earlier one, 

The report is divided into three major sections and two appendices: - 

Section 1*0 is a summary of energy requirements to control air and water ■ * 
pollution from industrial plants, electric power plants, and 
municipal wastewater treatment plants, The summary presents 
study results and some key assumptions and limitations that 
influence the results, ■ 



Section 2,0 presents the calculations by which estimates of energy to 
control water pollution were determined. The section is 
subdivided -into three parts, examining energy .needed for 
control of industrial water pollution, electric power plant 
thermal pollution and municipal wastewater, ^ 



Section 3,0 contains a discussion of how the [estimated energy require- 
ments for air pollution were developed. It is subdivided 



Appendix A 



into an analysis of the reduction of 
and a study of electric power plant a 



ndustriaVair pollution 
r pollution control. 



compares the energy estimates of this report with those of 

tKe earfier study and with estimates <hade by Other organizations-" 



Appendix B is sf bibliography of the articles, reports- 
source material used for the analysis. 



.books and other 



First-Or der Estim ates of Po tential Energy Consumption Implications of 
Federal Air and Water Pollution Control Standards for Stationary Sources , 
prepared for; the Environmental Protection Agency by Development Sciences 
Inc. July 1975, Contract No, 68-01 =249? 
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ABSTRACT 



This report presents estimates of the energy demand attributable 
to environmental control of pollution from "stationary point sources. 11 
This class of pollution source includes powerplants, factories, \ 
refineries, municipal waste water treatment plants, etc. but excludes 
"mobile sources" - automobiles,* trucks, etc. - and -"non-point sources 1 ' 
- sources which do not produce Individual effluent streams, such as- 
some types of farms , mines, etc, m 

The energy requirements of pollution contrpl arise from several - 
sources. Energy is required to operate components of the control 
devices - fans, pujpps, reheaters, etc, • In some cases, j the equipment 
degrades the efficiency of the process i,t controls, requiring additional 
fuel to madntain the product stream. x Energy is required to mine, refine^ 
and assemBl^the material components of the control equipment, transport 
them to the site, and Install the equipment, Finally, energy is required 
to produce and transport materials used up in the control process - such 
as limestone, chlorine, etc. The calculations in this report Include 
estimates of all of these energies, Although with varying degrees of 
accuracy* ( 

yfhis report was submitted J n ful/illment nf Contract 68-01-4150 by 
Development Sciences, Inc. under the sponsorship of the b*s. Environmental 
Protection 4ttgncy, 
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1,0 SUMMARY 

Pollution control is dependent upon the 'commitment of resources, and 
energy Is among the resources necessary to install and operate devices that; 
reduce air and water pollution. Because energy is- an Important" resource 
currently in short supply^in the United States^ there has been concern among'-, 
many regarding the energy Yiecessary for pollution abatement. The purpose of 
this study was to estimate the amount of energy required to control pollution 
from "stationary point sources. C, 

The energy needs reported In this study are /first order approximations, 
Although they are as accurate as existing data and time limitations would 
aU^w, the estimates do not substitute for detailed analyses of individual 
pollution control systems and their energy characteristics. This is particu- 
larly true in those instances' where several alternative pollution control 
systems are being considered for a specific application. Accordingly, the 
results should be fegarded as representing the proper magnitude of energy re- 
quirements rather fttin as precisely determining those requirements. 

The findings of the study are that more than 1,500 trillion Btu of energy 
will be needed in 1977 for control of air and water pollution from stationary 
sources. This amounts to approximately two percent of the estimated T977 
national energy use. Within the next decade energy used for control of pol- 
lution from stationary sources is expected to nearly double to approximately 
3,100 trillion Btu, which at that time will be on the order of three percent 
of the national energy budget. ■ " , 

I 

Table 1-1 displays the results. More than two-thirds of the total 
energy required for pollution control, both for 1977 and, 1983, will be used 
to mitigate the environmental impacts of industrial processing. The largest- 
demands will be energy for" 1 industrial air pollution control, followed by de- 
mands associated with industrial water pollution. The third largest require- 
ments will be for the control of air pollutants from electric power plants. 
Control of water pollution at electric power plants and new municipal waste- 
water treatment plants will use smaller- amounts of energy. 

The results of Table 1-1 include both direct and Jndirect energy ** e -\ 
qui rements. Direct energy, in the form of fuels and electricity to operate 
pollution control devices, accounts for about 80 percent of the total . In- • 
direct energy, including the energy equivalent of chemicals used in pollution 
control' and energy used to manufacture and install pollution abatement de- 
vices, is the remaining 20 percent. 

The findings presented in the table result from data and assumptions, 
that should be carefully studied. For the most part, data were derived 
from estimates' of pollution control costs and from projections of the numbers 



1 



1 



of facilities .that would, be required tomeefr^envirohmental standards. Neither' 
kind of estimate yields "hard" information'4hat can. precisely def/ine the ex- 
tent to which pollution control equipment will be -installed and Operated in 
*the future, Consequently, assumptions and data sources are presented in each 
following section so that they can 'be examine^tlice^ly. 

^ TABLE 1-t. STATIONARY POINT SOURCES : 
ENERGY tpQUIRED FOR WATER AND fllR POLLUT ION CONTROL 



Energy Required 
■ , . (10 12 Btu) 
Sector y , „ 1977 J 983 



Water Pollution' Control - , \ , 

Industrial ^ j ^^79 1 079 

Power Plant (Thermal) ■ . 93. *■ '155 

Municipal Wastewater ' .- - * ~ ■ ]S) 



Subtotal 
Air Pollution Control 



,396 



Industrial' • v 676 1 ,1 79 

Power Plant ^ 305 - 500 

Subtotal t t 981 {,679 

TOTAL STATIONARY POINT SOURCES 1 ,553 ' 3,075 

(APPROXIMATE % OF l/.S. ENERGY CONSUMPTION)** (22) (3S) 



* No estimate for 1977, See discussion in Section 2,3/ 

** Percentages of sector (e.g., industrial ) energy consumption for pollution 
abatement are not presented here. This -is because the estimates which 'ap- 
pear in this report include " indirect" energy, some of which is consumed by 
sectors other tha f n the one reported, * . - 

Energy estimates are the major objective of this report; however, their 
development led to many other important findings. These discoveries concern 
both the process of making energy estimates and the features of pollution con- 
trol sectors. They are listed below, 

General 



1, Statistical data o\y energy use in technological processes usually 

are not available, and this is particularly so of the new and changing 
technologies used for pollution control. Where energy data exist > ' 
they are often 'incomplete. Moreover, the rules and assumptions by whittu 
energy information is reported are often incompatible from one study to 
another and comparison of ra-^ults is difficult, 



2. The estimate^ made for this report are highly dependent on fore- 
casts of pol jut i an control costs. Various organizations and 
agencies di s agree as to both the, .extent and the types of pollution 
control that, will be required to satisfy environmental legislation, 
and they project different costs. As a result, energy estimates 
can vary, depending on underlying assumptions of the cost estimates 

3. Although pollution control energy estimates have been reported for 
1977 and 1983 to correspond with the principal target years of en- 
vironments^ legislation (e.g. PL 92-500) , maximum energy require- 
ments may qccur during other years. For example, new municipal 
wastewater treatment plants constructed to meet federal standards 

. will be built , throughout the 1980s and major expenditures for in- 
dustrial air pollution control are expected before 1983, as are 
those for industrial water pol lution control, 

' 4, Indirect energy is a significant fraction of the. total energy neede 
to support pol 1 ution ^control . The indirect energy is ;fflain% due to 
the .chemical s' requi red 'as input to the abatement techniques used by 
the various sectors-. 



Water Pollution Control 

- 5. The numbers of electric power plants that will need cooling towers 
is uncertain, and the uncertainty fundamentally determines the re- 
liability of the thermal pollution control energy estimates . 

6. Energy consumption to operate cooling towers at electric power 
plants varies with plafirt size^ efficiency and kind. For equal 

s units of electrical output, larger plants (with larger cooling 
towers) consume less energy than do smaller plants, more effi- 
cient plants are less energy consumptive than less efficient / 
plants, and fossil fueled plants need less cooling and are less 
energy intensive than nuclear » plants* 

7. The eYiercW intensities of municipal wastewater plants increase 
significantly from primary to secondary treatment levels and 
from secondary to. tertiary treatment levels. *** 

8. The energy cost for certain advanced methods of treating the 
chemical sludges from wastewater treatment plants can be partially 
offset by savings in indirect (chemical) energy if the method re- 
covers useful chemicals (e^.g, in the recalculation of chemical 
sludges to recover lime). 

9. The wide variation of treatment techniques and waste* stream compo- 
sitions within industry (e.*g, across subsectors and plant sizes) 
makes -i t difficult to develop- a reliable measure of energy con- 
sumption for water pollution control. Imposition of end-of-pipe 



, r 'treatment assumptions on industries which may change their production 
processes to reduce pollutants, to recover/Vafuable n^terial s s - and/or 
to conserve energy is not always reasonabl/e and may cause the energy 
estimates to be overstated. ■ . 

10, There does not exist across industrial sectors a general and system- 
atic relationship among investment in pollution control ^juipment* 
costs to operate and maintain the equipment, and energy consumption 
by the equipment. However, for any.given sector, a coefficient re- 
lating energy consumption to capital investment is the best available 
basis for developing energy estimates from aggregate cost *data, 

11, The chemical industry will consume much more energy for, water pollution 
control than any other industrial sector. The paper arte! machinery in- 
dustries are the next most energy consumptive sectors, 

12, The energy consumption associated with producing chemicals for in- 
d us trial water pollution control devices is significant compared to 

* the direct operating energy required, * 



r Pollution Control 



13, The amount of energy consumed by coal -burning power plants for 
stack gas scrubbers- depends critically on: (a) availability of 
low sulfur coal; (b) the timing and extent of compl iance with 
federal air quality standards; and (c) the timing and scope of 
the State Implementation Plans, There does not appear to be 
general agreement among federal agencies pn how much low sulfur 
coal can be made available to the utilities by the latter 70s and 
early 80s, 

14, The majority of the energy consumption by power plants 'for air 
pollution control will be for operation of stack gas scrubbers, 

15, On a unit basis, stack gas scrubbing and using low-sulfur coal are 
equally energy intensive, 

f' 

16, Desul furizatl on of residual oil at the refinery is up t6 40 per- 
cent more energy intensive than stack gas scrubbing, Howe-very 
for equivalent amounts of sulfur removal stack gas scrtffibers cost 
two to three times -as much as oil desul furization units, 

17, The operating energy for removal of S0 X (by limestone scrubbers) 
and particulate's (by electrostatic precipitators) depend very 
little on the amount of sulfur or 'particulates in the stack 
gases (over "the "normal" range of fuel qualities), 

L: 



18, The energy consumed in disposing of sludges from stack gas scrubbers 
and in producing the limestone used by the scrubbers i# insignificant 
compared to the energy consumed in operating the scrubbers* 

19, Wet collectors are very energy Intensive; their application by in- 
dustry to control air pollution may result in major energy consump- 
tion/environmental quality Inefficiencies. 



\ 

These findings supplement the energy estimates themselves. Like the 
estimates however they should be reevaluated after Ffavlng considered the 
assumptions needed to perform the analysis, 

v The findings indicate that detailed sector analyses are needed in order 
to ^rt^nine more fully the energy to Support pollution control. It is i 
particularly, Important that the industrial sectors be studied since (a^they 
are the ones requiring the most energy* and (b) they/have the largest variety 
of possible responses to effect reduction In air and water pert lutants, Fqr 
water pollution the chemical, paper and machinery industries are the most . 
energy consumptive and should therefore be most closely studied; while for 
air pollution the primary metals, chemical and petroleum industries are the 
most important sectors for which to determine energy requirements, 

Analyses should be made in enough depth to include accurate Information 
on indirect energy requirements. The data on chemicals used for pollution 
control processes are especially critical. Indirect energy can, in some 
cases, significantly add to the energy requirements for pollution control. 

Discussions with members of the E^A staff have revealed that efforts to 
refine energy data are currently underway and should result in improved 
estimates of the energy needed to control air and water pollution, The first 
order approximations reported here can therefore be compared with the findings 
of the more detailed study when It is finished. Until then these data serve 
\ as useful indicators of the energy resource coninitments that must be made to 
yprotect air and water from stationary jSoint source emissions, 



2,0 ENERGY REQUIRED FOR WATER POLLUTION CONTROL 



- THe 1972 Amendments to the Water Pollution Control Act mandated action 
to produce major reductions in the pollution of United States water resources. 
Since the passage of the Amendments s the EPA has been developing standards 
and guidelines to affect the legislative- intent, ' 

**fhe sections that follow present the methodology, assumptions and results 
of investigations to determine energy required to control water pollution. 
Three major divisions are covered, They are: m ' 

• Wa^er pollution abatement by industries . , # ■ 
0 • Thermal pollution control by electric utilities * 

" V ' 

• Wastewater treatment by municipalities - 

Where possible, both direct operating and Indirect energy have been determined 
and the results are divided accordingly, 

% 

Summary estimates for water pollution control were presented in Table 1-1 



t. • • 

,2.1 Industrial Water Pollution Control ■ f 

\ • ^ * 

Since the 1972 Amendments to the Water Pollution Control Act, ipdusify ' 
has been planning its response to the effluent guidelines published by EPA, 
The ^demands on industry to utilize by 1977 the "best practicable " wc h n o 1 o g i e s 
for controlling water pollution, and by 1983 to use the "best available" tech- 
nology economically achievable, will have cost - industry over $15 billion in 
new plant and equipment investments by 1977 and will cost ^$34 billion by 1983, 
These Investments will result in major reductions In the amount of pollutants 
annually discharged by industry into water bodi-es, 

■ Industry can-- reduce water pollution in one or Tnore of three ways: 

• Traditional end -of- pipe treatment of effluent to remove or reduce 
harmful pollutants; and/or 

4 Changes in production processes to reduce the quantity or types of 
pollutants generated; arid/,or A 

• Reuse of effluents in the production process or as inputs to another 
production process. 



The method chosen by any particular manufacturer depends orvjnany factors 
including his current production process, the age of his equipment, the size 
-of his plant, the actions of his competitors, access to financing, the health 
of his. business,' and the characteristics of the marketplace, Although there 
is considerable evidence that many producers are responding to pollution reg- 
ulations >by filtering their production processes rather than by installing 
relatively expensive and *nonprocJucti ve end-of-^ipe treatment processes, the 
paucity of comprehensive information about both the creative responses of 
some producers "to pollution problems, and, the unique circumstances of others 
who face regulations°whfch may or may not be sensi tfve^to their particular * 
business situation, have caused most analysts of the impacts of the regulations 
to errStfme that ^ i (or most) producers wil l install end-of-pi'pe- treatment f * , 
processes in order to meet the guidelines established, for t h e iV i-ft dtist r i e s* . 

The following subsections develop estimates of the energy consequences 
,.ich accompany estimates of industrial investments for water pollution con- 
rol , The data ar^ .dfrived largely from studies|done by EPA; and because 
t\iose gaudies focus *orW3nd-of-pi pe treatment processes, the energy estimates a 
aha al7o primarily for end-of-aj>pe treatment, As such /'ttrere may be over- 
statements cf -what may actually occur once industry finalizes its responses^ 
to\the 1903 standards and to t*ir pressures of raw materials shortages and 
n^i^e increases, ) 

\ 

Mpj.hodo luqy and A^upip_tK)fis ■ - r 

The methodology used to develop estimate#of the direct and indirect 
energy deirond^ for ^control of industrial water pollution includes five steps: 

Step 1: " f \ From available data on the cost (by, industry) of 

Direct energy " ; water pollution controls, determine direct energy* 

Consumption consumption coefficients based on cap/tal costs 

Coefficients - • for the control |echhiques* 

Step .2: Indirect ; " "From the same data, determine .the indirect energy 

fne'rgV'Consuinption consumption coefficient? based on capital costs and 

Coefficients annual consumption of chemicals, 

4 

Step 3: I nves tinent*. FronJdata. developed by CEQ, determine expected yi- 

Tn Water Pollution ves Brents TOF'water pollution control by industry 

Control sectors! . ST 

S ;. t -j.) 4: -Direct Energy Using the i nftfrmatiQii .developed in Steps.! and 3, 

C,7f/. i.i {,';[; I; ion : 'nr re r estimate the direct energy cons,urrfed by all in- 

Vo 1 1 iit'i^r. \i.nr, trol d us tries by multiplying ihe clergy poef f icient fiy.-/ 

- i\v- forecasted investments'* j/n e control devices 

' ' " < ■ ' ■ f 
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J teP 5 : Indirect Using the information developed in Steps 2 an*3 s 

nergy Consumption estimate the energy consumed", in the productiorf of 

for Water Pollution chemicals and in the construction of industrial 

Control pollution-control devices by multiplying the energy 

coefficients by the forecasted Investments in * 
control devices. 

Thus, the methodology is based on t/he development of coefficients which 
expreSs^en^rgy consumption as a function of investment in pollution control 
equipmentr Although Imperfect, this relationship is reasonable for making 
first-order estimates of energy . requirements^ The methodology also considers 
two sources of indirect energy consumption—the energy required to produce th 
chemicals used By pollution control devices and the energy used in the con- 
struction of control devices, c 

The assumptions which f are necessary in order to develop the energy 
estimates include: • + 

1. The detailed estimates of capital 5 energy and chemical coats for water 
pollution control by industry made by Vanderbilt University* for EPA 
are reasonable at least 1n pterins of the relationship between capital 
cost and the two categorie#qff operating costs, - 



2, The energy costs reported by Vanderbilt University are all costs for 
f electric power, * - * \_ 

- x ' 4 

3. Averaging of the energy coefficients from the mostly seven-digit SIC 
data developed by Vanderbil t' to a two-digit level, and across plants- 
sizes, produces macro energy coefficients which are representative of 
the industry. Industries for which Vanderbilt does hot report energy 
costs will have energy coefficients similar to the average of all 
industries for which data are reported, \ 

4. Industries for which fanderb\l t does not* report types of chemical s 
consumed will use a mix of equal amounts of tfte various chemicals 
reported for other industries, 

5, Industry will primarily employ end-of-pipe treatment for the control 
of water pollution,** # 



Vanderbilt University's study of water pollution control cbsts was used 
by EPA for the 1975 "Cost of Clean Environment" report, 

Although this -assumption is necessary for- this analysis, evidence is 
mounting that some industries are moving toward process change as a 
method for both reducing pollutant generation and improving production 
efficiency and/or production economics. 



/ 
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V 6. CEO's estimates, by industry, of^Tn vestment for water pol 1 ution con- 
trol are reasonable, , % «, 

7. Capital expenditure is the best, single indicator gf energy consumption 
for the mix of control techniques within a particular industry. 

8, Investments made through a given year (e.g. 1976) realize operating f 
costs in the' following year (e.g. 1977), Thus, investments in pollution ; 
control 'devices, through 1976 are the basis for calculating energy can- 
sumption in 1977, ' 

^*9. Capital equipment will last 20 years, and therefore the energy equlva- 
f lent of capital equipment is "amortized" over a 20-year period. 
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The energy consumption coefficients used for this analysis were derived 
after a detailed Analysis of typical plant data for 81 industrial sectors 
(at the seven-dt'git $IC level) and three different plant, sizes/ The objective 
of the detailed analysis of theMJ data points was to determine whether a 
statistically valid relationship among energy - cost, capital cost and O&M cost 
for water pollution control existed across the industrial sectors, Because 
of constantly changing estimate! of industry expenditures for abatement of 
water pollution, and because of the paucity of energy data, it/ was hoped that 
a. general equation could be developed" which would permit the prediction of 
energy cost given O&M and capital cost estimates. 



The analysis proved that energy consumption for water pollution control 
^ is sector (or even plant) specific, and that generalization across sectors 
■' does not accurately predict the energy usage of any of the sectors. This 
finding reflects the variabilities which exist in industrial approaches, to 
pollution control. These variabilities, 1 r% turn, reflect differprttfes among 
many parameters, including waste stream composition, plant size and age, 
local conditions, behavior of individual decisionmakers and plant engineers s 
and production process mixes within specific manufacturing facilities. The 
finding fVom this analysis lends support to the argument for gathering better 
data on the energy consumption characteristics of various abatement techniques 
being used or developed by" industry, and for developing better forecast^ of 
the population and processing throughput of the techniques. 

Th6 analysis of data on the SI sectors did produce information wtjlch 
wal useful for developing the energy estimates contained in this report. 
First, it wafs determined that, when the data on the Bl sectors were collapsed 
to the rougHy^two-^rgit SIC level used by CEQ for its pollution control host 
estimating, the average of the Individual energy cost to capital cost ratios 
provided forecasts of" energy cost from the aggregated capital cost Which were 
reasonably close t® forecasts developed from the individual components, 
Second, statistical'analysis showed* that information on total O&M cost did 
not improve the predictive a-;nura:.y of the energy to capital cost ratio. 

9 
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For the purposes of this study, then, it was 'decided to base the energy ^ 
estimates on forecasts of capital expenditures .by major industrial sectors 
and on average energy to capital ratios for the various sectors. ^ Although 
this approach is crude, the results produced are Likely to at least reason- 
ably represent (in the total )■ the magnitude of energy consumption associated 
with given industrial investments in water pol lutibn gjSritrol . 

■ ■ 4 

The estimates of energy requirements for water pollution control are 
derived By converting energy cost/capital cost ratios for, the industrial 
sectors to coefficients of the form Btuf$ capital. These coefficients are 
then used to calc.ula^ thg sector energy consumption associated with CEO's 
investment fo»castsr 



Tfie. investments for water pollution control by industry will be 
according to CEQ; L fc . 5 

- $15,334 billion through 1976 ' - 

- $34,260 billion tT^o.ulh 1982 . 



Over 80 percent of these investments will occur in five (of twelve' 
industries: " - ' 



- Chemicals (275; of total) -4 / 

- Petroleum refining (17%) x I 

- Paper and allied products (15/:'.) 
' - Primary' metals (12%) 

- Food & kindred products (11%) ^ 

The investments in water poll ution control for each industry signifi- 
' cantly affected by Amendments to the Water Act are shown in Table 2-1. The 
table also shows the energy coefficients used for each industrial sector, - 
aW the resultant forecasts of direct energy consumption for, 1977 and 1983. 
The most notable feature o'f the energy consumption forecasts is that although 
the chemicals industry is estimated" to spend 27 percent M the total water 
pollution control investment by industry, its -energy -consumption* is 53 per- 
cent of the -total . . * 

• Direct operating energy is not the only energy requirement for water 
pollution control . ^ In addition to operating enerof there is energy "contained 
in the chemicals and other materials used to*build\and supply pollution con- 
trol devices, These indirect energies can sometimeiKhe major contributors 
to the total energy required for pollution control. 

Table 2-2 lists the energy equivalents, of chemicals used for water pol- 
lution control. In order to determine the indirect energy due to chemicals, 
the conversion coefficients relating .energy to costs (last column) were used. 
They were multiplied by the cost of chemicals as a fraction of total capital 
investment. This process is illustrated in Table 2-3. For most industries 
annual chemical costs are three cents per dollar of investment and the 
average energy/cost coefficient of 311,000 Btu/S is used. The resulting in- 
direct energy required for .chemicals is in some industries larger than the 

10 
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TABLE 2-1. ANNU 


*• 

AL DIRECT ENERGY REQUIRED FOR INDUS 


TRIAi WATER POLLUTION CONTROL 

■ ■ r' 

' t 


) Industry 


Cumulative 
Capital Investment 
(iiiillions of 1975 $)* 


Direct Energy 
Coefficient 
(1000 Btu/$)'* 


pirect Energy 

Required 
. ,(10^ Btu)\ " 

— — ! i < -"A 




s) ' L?ZL 


' Jil_3 . ' 




1977 


1933 C 


'Primary Metals 


x - 1 ,852 


• 4,074 


4.75 r - 


■ 9 ^ 


»" Y. 


Machinery , 


809 


4,809 


17.54 » 


'14 


^84. * ^ 


Transportation Epui 


pment 500 ■ 


1,198 [ * 


17.54 s 


9 


19 ' ' 


Stone, Clay and Gla 


ss ■ k 154, 
. 637 


243 


16.85 


3 


4 


Of her Durables 


1 ,656 


17 54 


n> 


29 


Chemical s 
Textiles . 


' 4,198 


9^561 * r 


40.61 ' 1 


170 


388' : 


, 374 


589 


17.54 


7 


10 


' Rubber 1 


60 ■ 


* 1 20 j 


* 17,54 


1 


9 


^ r a p c i 

Petroleum 


2,289 


4,976 j 


16.85 


39 / 


84 


2,558 


4,599 


8.64 


22 


40r 


Food 


'1,665 


2,126 


-/ 22.03 


37 


,47 


Other-Nondurabl.es 


238 


339 


21.65 


5 


i 


> - TOTALS 

i ■ . ...... 


15,334 


^,2'60 


s 


326 


736 



Fuel equivalent of electricity .equals 10,660 Btu per kwh. 
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direct operating energy (compare Tables 2-2° and, 2-3). ^/The averagf Indirect 
* chemical energy of all Industries is 37 percent of direct operating energy, 
and therefore It Is an important part of the total energy required for water 
Xte>l 1 ution control, » • 

> TABLE 2-2, ENifRGY EQUIVALENTS OF SELECTED CHEMICALS 



Chemical ^ j ' Btu *p_er P pund .' " | Btu per 1975 $ 



Activated Carbon ( * 12,100 173,000 

Lime . • \ 2.500 342. 00Q 

■ Sulfuric Acid # 1,400 V 107i000^ — ■ 

Soda Ash * 19,000 155,000 

, Chlorine > 14,500 397,000 

° Methanol. . 14,000< 599,000 • 

, Polymer ■ 47,800 268,000 

/ Ammonia ', 25,000 , 450,000 

AVERAGE ' 311,000 N 



The other kinfr of* indirect energy, construction energy, was estimated 
^from capital investment also, \Us1ng dol lar-to-Btu conversion coefficients 
derived for capital equipment, and assuming 20 -year life for pollution con- 
trol equipment, an annual energy equivalent for construction was dej^loped. 
Table 2-4 lists the indirect energy associated with construction, mi can be 
se§n by comparison with Table 2-1 that indirect energy due to construction 
does not add significantly to energy needed for direct operation," 

Total energy requirements are obtained from the sum of direct and in- 
direct energy for water pollution control, "table 2-5 summarizes energy re- 
quirements for the industrial sectors. According to itpresults, in 1977 
some 479 trillion Btu will be needed to reduce Industrie water pollution, 
and that total will more than double to 1 ,079 trillion Btu 'in 1983, 
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TABLE 2-3, CHEMICALS: ANNUAL INDIRECT ENERGY REQUIRED FOR INDUSTRIAL WATER POLLUTION CONTROL 



- VV " Industry 



Chemical Cost Chemical Energy 
Capital Investment ■ Coefficient \ Coefficient 
(millions of, 19>5 $) ■■($/$ Investment) , (1000 Btu/$)* 



Chemicals; 
Energy Require 
(1012 Btu) 



1977' 1983 



Transportation Equipment 
Stone, Clay and Glass ,- 
Other Durables * 
Chemicals 
Textiles 



Petrdleum 
Food 

41 

Other Nondurables 
' TOTALS 



1,852 
' 804 

' 500 
* 154 
637 

4,198 
. 374 
60 

2,289 

2,558- 

3465 
238 



4,074 
4,809 
1,108 

243 
1 ,656 
.9,561 

• :$89 
120 

4,976 
4,599 
2,126 

i 

* 399 1 



0.030 
" 0.030, 
0.030 



0.030 
0.030 
, 0,030 
0.030 

* 0 - 1 36 
0.030 
0.030 
0.015 
0.030 



' J5,334v 34,260 



% Fuel equivalent of electricity equals 10,660 Btu peWlh, 



in 

311 
311 
ill 
311 
173 
311 
173 
311 

31 i; 

r 

433. 
311 



1977 1983 
17 38 



> 



5 

/l 

6 ; 

22 
3 
1 

v 21 
,24 
11 



45. 
10 

2 

15 

50 | 

6 

3 
« 
43 
14 

4 



122 276 
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TABLE N, V\ V V : % 



Assumed 20-year life for .pollution control devices, 



on 
4 J 



^ : . J i : 

. Indt&tjy 


i 

CsoltiV Investment 

(millions of 1975 $) 


Construction Energy 
(1000 Btu/$)* 


Construction; 
Energy Required 
* (1012 Btu) • 




1Q77 1'QOt 


* — i 

1 


1Q77- 

\3l I , 




Primary Metals 






A 


8 ... V 


Machinery 

■ 11! IV 1 ! Ill 1 F 






V 

L 


in 


TranSDOrtation Eauibmer 


it ^nn i ins ' 




I 

1 


7: ^- ' 


-Stone. CI av and Glass 


Kid 5A1 


2 






Other Durables 


^ p - 


9 

* 4 


• 1 


3 


t Chemicals 

K -••>... 1 


4 198 9 561 




8 


19 


textiles 

■ 


374 589 1 -■■> 




: ' 1 


1 


.'Rubber 


' 60 1 26 


•'^ 2 




10 


Paper p » 


2 S 283 ,4,976 


2 


5 ' 


Petroleum 


2,558 4 , 599 


' 2 : 


5 


10 ; 


i 


1,655 2,126 


2 ' / 


3 


4 ; 


Other Nondurables 


238 399 


2 


J 




, . TOTALS 


15,334 34,260 .. 
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TABU ?-5. ( ANNUAL TOTAL ENERGY REQUIRED 
FOR INDUSTRIAL WATER POLLUTION CONTROL 



« A ." • 1 ■ — — Total Energy Required 

; * ■'. • (lo' 2 Btu) 

Industry - 1977 1983 



Primary Metals ■'. v ' 1 m 30 65 

Machinery . # * ,24 . 139 

Transportation Equipment * V 4 15 V32 

-Stone, Clay arid Glass - f r : 4 ■ 7 

Other Durables*, > ' v * 18 49 

Chemicals ^ « 200 456 

Textiles " .11 16 

Rybbflr ^ 3 ' , , $ 

Paper W 65 # = / 140 

Petroleum , \. 51 > 92 

FdOd 50 65 

Other Nondurables ■ f 9 . m 14 

TOTAL 479 1,07^ 

' ■ ' { " ' ' ■■ . #■ 



2.2 Control of Thermal Pollution from Electric Power Plants 

Studies by the EPA indicate that by 1977 almost $800 million will* have 
been spent by members of the electric utility industry on methods for con- 1 
trolling thermal water -pollution. By 1983 it is estimated the cost will have 
increased to over $1.2 billion. The expenditures will be made to conform to 
the final guidelines on thermal pollution abatement, published by EPA? These 
guidel ines exempt plants of certain sizes, ages, and locations. But most plants 
covered by the regulations will require elaborate equipment to reduce thermal 
impact on nearby bodies of water, , t \ 

Estimates of energy that will be used to manufacture, Install and operate 
cooling equipment aref developed in the following pages. Mechanical forced- 
draft cooling towers have been selected -as the typical control method thatjmlil 
be used to meet the guidelines. Plants for which cooling towers will be em- 
ployed for economic rather than environmental reasons are not Included in the 
energy estimates. 



Methodology and Assumptio ns 

The methodology employed for arriving, at estimates of energy consumption, 
by power plants for control of thermal pollution follows five stdps: v- < 
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Step 1 : Cooling 
Tower Operating 
Energy / 



Step Zu Capacity ; 
Requiring Cooling 
Towers 

Step 3: Direct; , 
Energy Cbrfsilmed- for 
Controlling Thermal** 
Pollution 



Step 4 t 
Penalty 



city 



Step 5 : Materials 
Energy Penalty 



Determine the operating energy required for 
mechanical forced-draft tooling towers as a 
function of pi ant size aM-type\ 

Determine the tota] generating eapacity r wrbich 
requires cooling towers 4 n terms of plant size 

and type, • : 

Using the information from ttife previous step, 
calculate the energy consumed* by electric 
utilities in meeting the thermal pollution re- 
regulations. >- : 

$ The electricity to run the thermal pollution control 
equipment is supplied by the power plant. Using 
the estimates obtained in Step 3, estimate the 
capacity additions ndtessary and the "energy, 
cost 11 of those addi^rons. * / / 

From the estimates of capacity requiring; cooling 
towers (Step. 2); estimate the energy cost of 
constructing cooling towers. 



The key asstfmptions used in the^arnelysis include: 



f: 



1. Mechanical forced-draft cooling towers are representative of devices 
used by utilities to control thermal pollution, 

2. The operating efficiency of cooling towers Increases with the frlze of 
?. the tower (and therefore with plant size). Consequently, energy for 

cooling, per unit of electricity generated, decreases as the plant size 
increases. * - 

> 

3. The energy required to operate a cooling tower Is directly proportional 
to the amount -of cooling required, which, in turn, is directly related- 
to plant efficiency* load factor and heat loss to the atmosphere. 

4. Fossil and nuclear power plant operating efficiencies, 34 percent and 
32 percent respectively, will not change between 1977 and 1983: Load 
and capacity .factors will be b\ was published by EPA,* 

5. Estimates of generating capacity requiring cooling towers are derived 
from the publication listed in Step 4. %< . 



* Temple, Barker & Sloane, Inc. Ec onomic and Financial Impacts of "^federal 
./Air and Water Pollution Controls on the Electric Utility Industry, Tech- 
, nlcal Report for U.S. EPA, May 197&. 
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6 S Generating capacity will have to be added Jo replace that whlfch Is, used 
for thermal pollution control. The additional generating capacity re- 
^/ suits In an inefgy equivalent for construction of new generating 
facilities, 

7. The published estimated cost p-f'-too ling towers is reasontbl fri* : The • m % 
, • energy for.cooling tower construction is 36,925 Btu/$ fl/O Sector 1103V 
•' Public Utility Constructlpn ) . *f 

Requirements for Mechanical Forcfld^'Draft Cooling Towers a 

. ' • . ' . ,■ ' ' . 

As a result of the effluent guidel j nes , in- 1977 some 17.2^-x 10° kw of 
nucjea-r capacity and 56.49 * Kr'-kwAf fossil capacity will ha've tnstalled 
cooling towers. By 1983, 29.03 x 106 kw of nuclear ca pac i ty wl 1 1 requi rfif 
codTipg towers, while 91.1 x.l06 kw of fossil will be impacted by' the gvrfde- 
llnesv 

• > m 

Energy Demands for Mechanical Forced-Draft Cooling 

Evaluation of the operating characteristics of forced-draft cooling 
towers suggests that, with 15 percent and 5 percent heat loss to the atmos- 
phere for fossil fuel and nuclear plants respectively, the energy penalty 
associated with operating the devices will be (by plant size):*** 

ENERGY FOR OPERATING MECHANICAL FORCED-DRAFT COOLING TOWERS 
* s ' (fcwh per Megawatthour) 

Plant Capacity Fossil Fuel Plants • Nuclear Plants 

50 Megawatt 34.2 42.2 

150 Megawatt f ' 33.2 • •■ . ■ 41 .0 , 

500 Megawatt . , 27.0 33.4 

950 Megawatt - 24.0 " 29 • 6 *' 

150C( Megawatt 21.4 T 26.4 

3000 Megawatt • 18.3 ^ ? 22.7 



Temple, Barker & Sloan, Inc. Lconomic and Financial Impacts of Federal 
Air and Water Pollution Controls on the Electric Utility Industry , Tech- 
nical Report for U.S. EPA, May T 976. 
** Development Sciences, Inc . , Application of Net Energy Analysis to Consumer 

— — ™— 1(49-11-3847, .Dec. 1976."* 



Technologies . Report to U.S. ERDA, "Contract El 
*** Jimeson, R,.M; G.G. Adkins; "Wiste Heat Disposal in Power Plants," Chemical 
Engineering Progress , Vol. 6P, No. 7 (July 1971 ), 64. 
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'tfi^ttd^t 10 " of expected coding tower installations by plant 
capacity are-riot feaarTy available,. However, it can be assurneaVthat the dis- 



trlbution of installations- by size of plant will follow closely;, the projected 
djstrl but fan^of new thermal ^iower^pl ant capacity. Analysis of Edison Electric 
TnstTtuW^FTath; Electric Power Survey (April , 1975) indicates » plant dis- V 
trlbution of: 4 ' • r ■ 

. i ■ 

DISTRIBUTION OF PROJECTED NEW ■ . \ . 

. • • ■ THERMAL' POWER ^LANT CAPACITY • .. [ 

(Approximate Percentages of Total New Capacity, by Type of Riant) 
Plant Capacity . , . ■ Fossil ■ Fuel Plants Nuclear Plants 



C 



50 Megawatt 

150 Megawatt m 

500 Megawatt 62% 

900 Megawatt „ 241 " - 58% 

T S 50Q Megawatt and Greater • B% 42% 

• . -{ i oo« jm% 



r 



Thf weighted average operating inergy for cooTing towers, calculated by 
combining the two previous tables, is -26.2 kwh per megawatt hour fori fossil 
plants, and 28.3 Tcwh per megawatt hour 'for nuclear plants,- These estimates . 
include the energy required to operate the cool ing equipment as well ai some 
losses/in turbine efficiency causecflhy. back pressure. Given the generation for 
each plant type in 1977 and 1983,^he operating energy penalty is 91 x 1CH 2 Btu 
In 1977 and 153 x 1Q12 Btu in 1983. 



I Energy Demands for Capacity Replacement ' , ■ 

J < ~ = v 1 ; 7 . * ~ — * A 

_^In the case of nuclear generation the operating energy penalty is 2,8 
percent of input" energy while ffer fossil fuel generation the energy penalty 
is 2*5 percent. Consequently, the capacity penalty is assumed to be 2,8 per- 
cent and 2.5 percent for nuclear and fossil plants*, respectively. 

Given the required capacity additions (eflual to the percent capacity 
penalty multiplied by capacity affected), the 1975 cost of that additional 
capacity, the energy intensity of construction [measured in Btu/$(1975)] f and 
an assumed 20-year life fbc the equipment, the capacity penalty is estimated 
for 1977 to be 0.| x 10 12 Btu and for 1983 to be 1.5 x 10' 2 Btu, 

\ \ 
V 

\ ■ 
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Materials Energy EstHjate^ * : • 

The materials energy estimate is based ion cool Ing tower tnstal 1 ation costs 
of $5.77 per Ml owatf capacity (1975 dblTar<p.* ' Using the energy i n tens i ty of 
construction, the materials energy equtvalerit is 16 x 10 J 2 B.tu for 1977 and 
26 x 10'2 Btu for 1983. Amortizing over 20 yearsv the. annual' materials energy 
; total for 1977 is 0.8 x 10 12 Btu and for 1983 is 1.3 x'Jtf 12 Btu. 

■ * . . i • . " ■ * ' 4 / ' 



Sunwary of Resufts f , ■ j \ 

The energy for meeting thermar water pollution regulations both in 1977 ; 
and .1983 Is summarized in Table 2-6* Major en?rgy requirements are those for 
dlrBci operating energy; the capacity penalty and materials enerjgy equivalents 
' malteuKpnly a small fractlon.bf the totaTV The energy for controlling thermal 
water pollution from electric power plants ingneas.es by £7 .percent, from 93^ 
trillion Btu in 1977 to 156 trillion Btu in 1983, 




* Temple, Barker Si Sloane, Inc. , Economic and Financial Impacts of Federal 
Air and Water Pollution Controls on the Electric Utility Industry . Tech- 
nical Report for U.S. EPA, May 1976, page 111-24. The $5.77 per kilowatt 
is the cost for new units. While the cost for retrofits is more than four 
times as great, it was assumed that the new unit cost is most representatfve 
for the energy calculation. 
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TABLE 2-6, DIRECT AND INDIRECT ANNUAL ENERGY REQUIRED FOR 
, POWER PLANT FORCED-DRAFT COOL INS TOWERS: %77 AND 1 1 983 



type 



1977 



Energy Required 
,(1012 Btu) 



Fossil Fuel 

Operating" Energy 
opacity Penalty 
" Materials Energy 

Subtotal 

Nucleir Fuel 

Operating E/fergy 
Capacity Penalty 
Materials Energy 

* Subtotal 

All Plants^ ' 
a 0 Operating Energy 
Capacity Penalty 
Materials Energy 

Total I 



1981 



S7 
T 



69 



24 



24 

91 
1 

1 .' 
93 * 



.107 
1 

109 

! 

47 

.153 
2 

"T 

156 . 



2 s 3 Muni ci pal ^ Wa s t Rafter/ Tfrttine^ 



Lbcal governments have been collecting and treating sewage! as a matter 
of course for many years. In 1976, approximately 75 percent of the Unitetf 
States' population was served by sewer systems, and more than 90 percent Of 
the collected sewage was treated in effifier a primary or secondary treatment 
plant before discharge to the water or land. However, the Amendments 4 to the 
Water Pollution Control Act .require higher average levels for treating sewage 
wastes so that additional facilities will b&yneeded 

According to estimates derived from EPA 's 1976 Survey of Needs for Munic- 
ipal Wastewater Treatment Facilities, almost $27 billion will have to be spent 
to .bring all treatment plants into conformity with the standards called for by 
the Amendments , Nearly $10 billion will be spent to build secondary treat- 
ment plants, and the remaining $17 billion will bd used to construct tertiary 
treatment facilities.* As the complexity of treatment Increases from secondary 
to\tert1ary processes, costs. and operating energy go up dramatically. 



Bhe 



basis for these4stimates is an unpublished analysis by CEQ of the 1976 
is" data. DSI recognizes that results of the Needs Survey are difficult 
to interpret and that certain of thr-data appear to contradict actual and 
likely practices at the local level. Some of these data problems will be 
alleviated when EPA has received and analyzed the plans prepared under 
Section 208 of PL 92-500. 
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In the pages that follow estimates are deyejo^ed to determine both 
d1r#ct and Indirect energy associated with Improvement In municipal waste- 
water treatintnt. ' 



i 



' i ■ ^ 
Methodology and Assumptions 

Energy estimates were made using a four-step methodology. 

' # ^ * T 

Stfe- Ti Amount p of Determine the number and size of new treatment 

T Treatment Required facilities that win be required to meet water 

v pollution standards, Calculate total flow rates 

through new* plants. 

Step 2 : Mix of Determine the distribution of levels and types 

Treatment Plants v of treatment that will be added in order to con- 
form to the standards, 

Step 3 : * Treatment " Determine the diregft and Indirect energy required 

Unit Energy to treat a unit flow of wastewater for each type 

Characteristics of treatment in Step 2. 

' - ' • :*- ,f -V-- * 

Step 4: Total Energy' from the flow rates^ through new, plant^nfttep 1) 

Requi red to Mefet and the energy characteristics for unit flow 

Wasftwater^freatment (Step 3), calculate total direct and indirect 

Standards "V energy *for wastewater treatment. \ * * 



Thp methodology is based on simplifying the mix of,pl#nt sizes, designs] 
levels an(J types of treatment, and costs to a few. representative units. It, 
requires five key 11 assumptions. They are: 

■ ~ ~ . : \ " \ - i " 

1. "Needs Survey"' data give good estimates of communities requiring added 
treatment facilities, 

2, Plant size can be estimated, from the population of the community served* 
using a flow rate of 100 gallons per person per day, 

3, The^ energy requirements of sewage treatment facilities are directly 
proportional tp the plant size, ~sp that unit treatment characteristics 

e apply to aVl^fflants regardless of size. 

4. Unit processes can be determined from standard 30 million gallon per 
day plants described in a recent EPA report,* 




* Energy Conservation in Municipal Wastewater Treatment , prepared for' EPA* 
s by Gulp, Wesner and Culp, 1976, ■ 
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5 S Future, secondary treatment processes will be activated sludge, 
-oxidation ponds and trickling filter, in the ratio of 5/3/2, 
respectively** *' 

- 5 7 , / 

The Djl-s^aff is concerned about the validity of these ^^srnptions. For 

example, it is not clear that the "Needs Survey" accurately prtuepts future 

sewage treatment requirements (assumption 1) nor can mucK conf IMmice be 

placed in a linear relationship between plant size and energy ,€h^rac'teri sties 

s sumption 3), However, within the "constraints imposed this .project, the 

assumptions are thought to be acceptable, Numbers of new treatment plants 

are probably overestimated; the energy required per unit of wastewater flow, 

using a large 30 MGD plant that Is likely more efficient per unit than is the 

average mix of plants,* is probably, underestimated, Thus, the errors resul ting 

from these assumptions at least partly^jcaneel each other, And energy estimates 

are probably In the proper' range of magnitude? ) ~*\ 

■■iL- 

Needs Survey data are not exactly attributable to the year 1983. Many 
of the plants listed may be built laterr In the 1980s* However, it has been 
assumsd\that energy estimates for all jjlew facilities apply to 1983, 

le /lumber and size of new\treatment facilities were estimated from data 
erf thjrf 1976 Survey of Needs for Wypicipal Wastewater Treatment Fafcil ities, ^ ' 
TaoW 2-7 Shows approximations for. populations of corilnunitles served by new 
tratmenti' facilities, for numbers of new facilities needed' by treatment level, 
an4 for costs of those additions* ^ - 

° TABLF 2-7. ESTIMATES OF NEW WASTEWATER TREATMENT UNITS 
-; . . BY SIZE AND LEVEL QF TREATMENT v 

Comnunity Size - Number of Units Costs 

(thousands) Primary Secondary Tertiary (billions of 1976 $) 



0 - 


2.5 


9,670 


13,070 


3,570 




12 


2.5 - 


5.0 


800 


1,620 


520 




2 


5.0 - 


15 


r 800 


1,830 


650 




3 


15 - 


25 


210 


500 


170 




2 


25 


50 


' 180 


410 


130 




2 


50 ~ 


100 


100 


240 


90 




2 




100 


80 


220 


90 




5 




TOTAL 


11 ,840 


17,890 


5,220 




27* 



* Individual costs not sum to total cost cj^ie to independent rounding, 

'- Average community sizes were assumed to be half the range shown in' the 
table, and. plant size in gallons. per day was estimated as 100 times the 



* This ratio of treatment methods is based on the aforementioned j#rpubl1shed 
analysis by CEQ of 1976 M Needs Survey 1 ' data, 

/ 
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coitnunity population, So.' for example, It 1s estimated that- .9*670 conmu- 
nltles ftfi.1,250 people each will need new 125,000 gallon per daV primary 
fi&jStmnt units/ for a total requlremenj^f (9 J570 x 125*000 gallons per 
;Bay) 1.2 billion gallons per day of new primarl treatment capacity, SlmlMr 
calculations, for gacTi size and type of» treatmei^ yield the following results: 

New Treatment Capacity % ^ 
* * 4 Required f : . 

Treatment Level (bill ion .gall of 

^ r ' ^— — . 

Primary * .=.- 8*4 

" : Secondary 1 * 11 .7 

Tertiary , r C 

. -= •■' ' ^ 
The 11.7 billion gallons per day of secondary treatment capacity Is 
divided Into 5.85 bllliorrgallons per day of » activated sludge treatment, 
3.51 billion gallons per day of oxidation pond treatment, and 2*34 billion 
gallons per 4ay of trickling filter treatment, according to the assumed dis- 
tribution 5/3?2, respectively. K \ 

. ^ ^ r . • : \ 

The' in d •of this section contains four process schematics (Figures 2-1 
, throuj0)V'2-i?) and four tables (Tables 2-9 through 2-12} that describe standard 
30 miljion gallon per day treatment plants. The tables were used to obtain 
operating and chemical energy estimates for wastewater treatment, Data from 
the four tables were divided into primary, secondary and (for Actuated Sludge 
with Nitrification, Chemical Clari fi cation. Filtration and Carbon Adsorption; 
tertiary treatment level processes. Operating and chemical energy require- ' 
men ts were ttjen scaled to meet ( the capacity needs listed above, 

Energy is used in the construction and maintenance of wastewater treat- 
ment facilities. An estimate "of tjie "indirect 11 energy requirements can be 
obtained by converting the costs of facilities to energy equivalents. Esti- 
mating techniques have been developed to make cost-to-energy conversions,* 
and these were applied to the costs reported in Table 2-7. 

The conversion factor for /wastewater treatment facilities was determined 
to <be 34,830 Btu per dollar irv constant 1976 dollars, Multiplying by the \ 
facilities 1 cost ($27 billion] results in total energy reqi^trerrents of approxi 
mately 940 trillion Btu, Facilities were "amortized 11 over 20" years, yielding 
a yearly energy requirement of 47 trillion Btu, 4 

Table 2-8 shows both direct and indirect energy required for wastewater 
treatment. Although the indirect energy from the ifse of chemicals is not 
large compared to direct operating energy, 4 the energy equivalent of treatment 
plants and equipment contributes substantially to the total. Together the 
chemical and "construction" energies aresB7 percen^Ss large as the direct 
energy. The total annual energy required for new wastewater treatment facil- 
ities will.be 1§1 trillion Btu, according to the estimates reported in 
Tab>f 2=8, ■ ■■ 
\ 

* A discussion of the estimating techniques can be found in Application of 
Ne t Energy Analysis to Consumer Technologies , prepared for ERDA by DSI, 
December 1976. Appendix A ."contains dollar- tqrenergy conversion factors 
fof^each of 357 economic sectors, including the. public utility construction 
sector used for? estimates in this study. - % *. 
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TABLE 2-8, ANNUAL ENERGY REQUIREMENTS 
FOR MUNICIPAL WASTEWATER TREATMENT: 1983* 



Treatment Level 



Energy jjegul 
Direct" Cnemical 



,12 



jrements (10' fc Btu**) 
* Constr uction Ttftal 



Primary 


6 


4 


#** 


J 10 


Secondary 

Trickling Filter 
. Activated Sludge 
0x1d§t1on Ponds 


s 

4 

23 
6 




*** 
*** 


\ 4 
23 


SUBTOTAL 


j 33 




### 


33 


Tertiary 


57 


4 


*** 


b 1 


l 

TOTALj^ OPERATING 


96 \ 


8 


*** 


104 


Energy Equivalent of Facilities 




47 


47 


GRAND TOTAL 


, • 96 




47 


151 




• 


f- 

\ 






* Nominal date 






V. 




** Electricity was 


converted to Btu at 10,660 Btu 


per kwh 





$** Estimated for grand total only 
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TABLE 2-9. ACTIVATED SLUDGE WITH ANAEROBIC DIGESTION 
30 mgd PLANT CAPACITY 



Process 



Treatment Processes 

Raw Sewage Pumping* 
Prel imuiary Treatment* 
v Bar, Screen* 

Commlnutor* 

Grit Removal 'Aerated* 
Primary Sedimentation-Circular* 
*Aerat1on-Meehan1ea\ 
Secondary Sedimentation 
Chi ori nation* 

SUBTOTAL* 

Gravity Thicken** 
Air Flotation Thicken** 
Anaerobic Digestion** s 
'Sludge Drying Bed** 
Land Disposal -Truck 

. SUBTOTAL 

Building Heat* 
Building Cooling* 

? SUBTOTAL 
TOTAL TREATMENT PROCESSES 



Primary 
Energy 'Required 



Thousand Million 
Jtwh/yr Btu/yr 



470 
102 



30 
4,900 
250 
290 

6,042 
8 

1,250 
1 ,500 
15 



2,773 



100 
100 



.31,755 
* 150 
1 ,400 

33,305 
500 

500 



Secondary 
Energy Required 



Thousand 
ft 



1 ,828 
1,828 



8.915 33,805 



1,828 



* 

** 



ary treatment 
percent primary, 50 percent secondary treatment 

Source: Culp, Wesner, and Gulp 
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FIGURE 2-2. OXIDATION PONDS/ 



*hju*wt 






WAJTf MTM 


TMATldfT 










TBEATtB 






PPUINT 



PROCESS SCHEMSTjC 



■Re- 



source: Gulp, Wesner ajnd Gulp, 



\ 
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TABLE 2-10; OXIDATION PONDS 
30 mgd PLANT CAPACITY 



Process 



Total Energy Required 



Thousand 
fr 



Million 

Btu/yr 



Primary Energy - ' 

Raw Sewage Pumping • 

Preliminary Treatment 
Bar Screen 
Comminutor 

Aerated Pond 

Chlorination 

TOTAL PRIMARY ENERGY 

Secondary Energy - 
Chlorine 

TOTAL PRIMARY AND SECONDARY 



470 

,22 

7,400 

' 290 
8 S 182 

1 ,828 z 
10,010 



Source: Gulp* Wesner and Gulp, 
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TABLE 2-11. TRICKLING FILTER (ROCK "MEDIA) WITH COARSE FILTRATION 
30 mgd PLANT CAPACITY IN 1 SOUTHERN UNITED STATES 





— ^' . -a-- f ~ — - 

1 Primary 


^? -■- — ; -J- — 

Secondary 


Treatment Processes 


Energy Required 


Energy Required 



s. 



\ 



Raw Sewage Pumping* 
Preliminary Treatment * 

Bar Screen* 

Comm,inutor* 

Grit Removal --Nonaerated* 
Primary Sedimentation Circular* 
T/ickTing Filter—High Rate, 

Rock Media 
Secondary Sedimentation 
Coarse Filter 
Chlori nation* 

SUBTOTAL 

Gravity Thicken** 
Aerobic jh'gestion** 
Drying Bed** 
Land Disposal --Truck** 

SUBTOTAL ' 

Building Heat* 
Building Cooling* 

SUBTOTAL 



Thousand 
^kwh/yr 

470 

23 



30 



,500 
35 
930 
290 



3,278 
8 

T',000 
.15 

1 ,$23 

j 1 00*. 
100 



Mi 11 i on 
Btu/yr 



31 ,755 
/ 1 50 
1 ,400 

33,305" 
500 ' 

500 



Thousand 
kwh/yT% 



1 ,828 
1 ,828 



TOTAL TREATMENT PROCESS ENERGY 



4,401 



33,805 



1 5 828 



* Primary Treatment 



50 percent Primary, 50 percent Secondary Treatment 

Source: Energy Conservation in Municipal Was tewater Tr eatment, Prepared 
for EPA by Cul p, Wesner "and Gul p, 1976," " " ~.7 ^ 



v 
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FIGURE 2-4, ACTIVATED SLUDGE WITH NITRIFICATION, 
CHEMICAL CLARIFICATION, FILTRATION AND CARBON ADSORPTION 




PRELIMINARY TRfATMENT 
PRIMARY SRM MENTATION 

SECONDARY ffftMlNTATKil 

NrrmFicATON . * 

U QtMfN TAT K?N 

CHEMICAL CkABWCATieil (UMll 
MCARftONATlSN 

FiLTR AlTON _-. 
MANULAR ACTlVitTlB CM AB90OTBH 
CHLORINATIQN " 
CARBON M«NIRATI9M 
fMAVTTY THE* IN 

anacrotic &uwrmn 

tUXMt BtflMi I 
LAW MFQfAl 



PROCESS SCHEMATIC 



Source: Gulp, Wesner and Gulp, 
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TABLE 2-12. ACTIVATED SLUDGE - TERTIARY, 
30 mgd PLANT CAPACITY IN NORTHERN UNITED STATES 





Process t \f 


Total Energy Required 


Primary Enerqy 

^ Raw Sewage PumfHng * 
Preliminary Treatment 
Bar Screen 
Commlnutor 

Grit Removal --Aerated 
Pri ma rv S^di mpntat i nn- = Rprtanaular 
Aeration- -Mechanical * 

a Secondary Sedimentation 
Ni tri fi cat ion- -Suspended^ Growth 
Nitrification Sedimentation 

.Chemical Clarification (Lime) & Recarbonatlon 
Fi 1 trat ion--Gravi ty 
Chi ori nation 


TRBusand 
kwh/yr 


Million 
Btu/yr 


470 
102 

by' 

4,900 
250 
. "4,500 
330 
6,700 
670 
290 


if 


SUBTOTAL 


18,264 


» 


Thicken—Primary Sludge ^ 
Flotation Thicken 
Anaerobic Digestion 
Sludge Drying Bed 
Land Disposal --Truck 


8 

1 ,250 
1 ,500 
15 


57,000 
150 
1 ,400 


C 1 1 DTHT ^ 1 


2,773 


58,550 


< * 
Thicken- -Chemical SI udge 
Centrifuge 
Lime Recal cination 


15 
2,121 
900 


150,000 


C ! ID TMT A 1 

bUDiUjAL 


3,036 


1.50,000 \ 


Building Heating 
Building Cool i ng 


7 


1 , 500 


\ TOTAL PRIMARY ENERGY 


24,080' 


210,050 


Secondary Energy 
L i me . % . & 
Chlorine 


, i ,828 


25,080 


TOTAL SECONDARY. ENERGY 


*1,.82G .. 


?5,Q80 


TOTAL PRIMARY AND SECONDARY ENERGY 


27,736 


235,130 



Source: Gulp, lies net' and Culp 
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3.0 ENERGY REQUIRED FOR AIR POLLUTION CONTROL 

The 1970 Amendments' to the Clean Air Act^call for actions to reduce air 
pollution in the United States, The two sections that follow present esti- 
mates of energy nested to comply vMth provisions of the Amendments, They 
are divided into: ^ ' ^ 

• Control of industrial air pollution / 

• Control of S0 X and particulate emissions from electric power plants/ 

Only stationary point sources of pollution are considered in these sections 
and In this report, * 



3L..1 Industrial Air Pollution Control 

It*1s estimated that by 1977 members of industry will have spent more 
than $16 billion on air pollution control equipment and that by 1983 more 
than $28 billion will have been committed. These investments are Intended to 
result in major reductions in air pollution by industrial processes. 

As in their approaches to water pollution control, industrial firms r are 
seeking other than end-of-pi pe techniques for meeting air quality standards. 
In-plant process changes , Including reuse of recovered pollutants and gener- 
ation of valuable by-products from components of emission streams, are In 
competition with end-of-pi pe techniques when and where .economic conditions 
favor them, * 

. The following pages develop estimates of the energy consumption impli- 
cations of forecasts of investments for control of industrial air pollution^ 
These estimates are imprecise/ first because the cost estimates on which tTfSy 
ar^based generally assume end-of-pi pe control of pollutants; and second, "be- 
cause of scarcity of detailed operating data to support the cost estimates* 

& , 

I 

Methodology an d Assum ptions 

The methodology employed for arriving at estimates of th£ direct energy 
requirements for industrial air pollution control includes five steps: * 

S tep 1 : Mix of From available (preliminary) data developed by 

Control Devices Battel le for EPA,* determine the mix of pollution 

control devices to be Invested In by industry, 

* Battelle provided EPA with total 0&M and capital cost data by control de- 
*s vice and air regulation for a number of industrial sectors as part of 
EPA's efforts in improving estimates of the cost of environmental regula- 
tions . / - * ' 



Step 2: Operating 
Energy/Capital Cost 
of Devices 



Step 3 : Ertergy 
Consumption ' 
Coefficients 



Step 4 : Investments 
in Air Pollution 
Control 

Step 5 : Direct 
Energy Consumption 
for Air Pollution 
Control 



¥6r the major air pdWution control techniques, 
develop information on the annual opera ting energy 
required by a typical, device and on the* installed 
(capital) cost of the device. 

For each of the devices analyzed in Step 2, cal- 
culate energy consumption coefficients, using 
annual operating energy and capital cost as the 
bases for the poefflcients* 

Using the results of Step 1 and data published by CEQ* 

on the investments by industry in air pollution control 
equipment, determine the pattern of investments for 
air pollution control by control device, 

Using the data developed ifi Steps 3 and 4, esti- 
mate the direct energy consumption by all industries 
for air pollution control by multiplying the energy 
coefficients by the forecasted Investments in each 
device. 



Thus, the methodology uses operating data from typical ^devices, and a 
forecast of device population, to arrive at a national estimate of energy 
requirements for industrial air pollution control. 

The assumptions us^ed to develop the energy estimate are: * ; 

1 . The preliminary data' devel oped by Battel le on investments .by device 
are representative of the mix of air pollution control devices which 
will be employed by Industry in the 1977-1983 time frame, 



The' data published in 1969 by HEW (N 
Administration) on the operating cha 
devices for controlling particulates 
for this analysis, with appropriate 
relationships among energy consumpti 
current prices)^ and device capacity 
thus assumed to 1 be stable into the e 
change in control devices is thus as 
on the energy consumption and the fi 



ational Air Pollution ControK. 
racterlstics and costs of various 

is relevant to the time frame 
adjustments for inflation. The 
on s ^ capital costs (adjusted to 

presented in the HEW report are 
arly 19805, and technological 
slimed to have a minimal impact 
rst cost, of the devices..** 



The CEQ forecasts of investments for pollution control by industry 
are reasonable, 



4, Industry will control air pollution 
control techniques . 



p r i ma r i 1 y t h ro tig h end-of - p i pe 



* jSee En v 1 r o nine n tp 1 Q u a 1 i t.y - ]97u, tho Seventh Annuri I Ikiuori of Hi- f.u- j uc i I 

on Environment a VjQ u a 1 i t y . 

\ " ' . ' ■ 

* See Contj^^ecj vniq^es^fvr Far t i cu Uuc Air f*nl I u Unit. * , -i.S. i)epar tniL-n I ut 
Health , Educa t i orTa rid ~ WlHTa rr*7 ^TmTnTy 1 % ; )~, " 



5, The energy coefficients of devices other than those for which co- 
efficients were developed from engineering data can be reasonably 
set at the average of those analyzed* 

\ « p 
6 a Capital tin vestments made through the end of one year are the basis 

"for operating costs in the next year. Thus, investments through 

1976 are used to calculate energy consumption from operations in 

1977, ( 



Investments^^ I ndustrial Air Pollution Control 

Table 3-1 lists CEQ's estimates of the capital investments for .industrial 
air pollution control for 1977 and 1983, The investments are spread over a number 
of industries, although the primary metal s * chemicals and petroleum sectors 
will require the largest investments at 34 percent s 17 percent and 13 percent*' 
respectively, of the total industrial investment. 



TABLE 3-1. TOTAL CAPITAL INVESTMENT FOR AIR POLLUTION CONTROL 

(Millions of 1975 Dollars) 







1977 


1983 


_ — „ / 

Primary Metals 




5,601 


9,026 


Machinery . , 




■ 728 


1 ,488 


Transportation Equipment 




545 


1,012 


Stone, Clay and Glass 




1 ,643 


2,947 


Other Durables 




838 


1,848 


Chemical s 




2,803 


4,257 


Textiles 








Rubber • 




150 




Paper 




1 ,294 


/ 2?543 


Petroleum 




2,183 


I 3,739 


Food 




573 


1 1 ,078 


Other Nondurables 




142 


475 




TOTAL 


16,500 


28,749 



Analysis of Battel le data indicates that almost 86 percent of industries 1 
investments in air pollution control' will be for five devices: 

- Lime/limestone scrubbers (38.5/5 of total investments) 

- Baghouses and fabric filters (25.5%) 

- Wet collectors (13.2%) & 

- Electrostatic precipitators ( 5 . 82 ) 
% - Acid- plants (2.9S) 
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The remaining investment is divided among various other control tech= 
niquesL including CO boilers, interstate adsorption, tail gas scrubbers s 
etc. Table 3-2 shows the investments of Table 3-1 divided among the five 
major control devices. It has been assumed that all industrial investments 
can be approximated by the five major devices. 



TABLE 3-2. INVESTMENT BY INDUSTRY IN AIR POLLUTION CONTROL DEVICES 





Fraction 


Capital Investment 




of Total 


(Mil 1 ions 


of 1975 Dollars) 






1977 


1983 


Electrostatic Precipitators 


0,058 


957 


1,667 


Wet Collectors -...--*-* 


0 . 1 32 


2,1/H 


3,795 


Li mo/Limes tone Scrubbers 


0,385 


6,353 


11 ,068 


Fabric Filters 


0.255 


4,208 


7,331 , 


Acid Plants 


0,029 


478 


834 


Other 


0.141 


2,326 


4,054 


TOTAL 


1.000 


18,500 


28,749 
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Energy Demands for Industrial Air Pollution 

Analysis of data from HEW, as well as data developed for other sections 
of this study, yields the following representative direct operating energy co- 
efficients for the five major air pollution control techniques: 



Electrostatic 
Preci patators 

Wet Collectors 

Limestone 
Scrubbers 



Fabric Fi 1 ten 
Acid Plant 



AVERAGE 



Capacity or 
Flaw Rate 
Through 
Col lect or 

100,000 acfin 

20,000 acfm 

Based on in- 
stallations on 
power plants 
ranging from 
200 to 1000 MW 

300,000 acfm 

t& ■ **• 

Based on N - 
100,000 ton 

per year 
copper pliant 



Typical 
(or Average) 
Installed 
Cost ($ 10 3 ) 

265 
32 

7288 



466 
19695 



Typical 
(or Average' 
Btu/year 



46 

03 



233.20 



13. 15 

808.00 



Energy/ 
Capital Cost 
(1976) 
1Q3 Btu/$ 

5.49 
93.41 

32.00 



28.23 
41 .03 



40.03 



Table 3-3 shows the results when these coefficients are combined with 
the investment forecasts. Wet collectors, with 13 percent of the investment, 
consume about 30 percent of the annual operating energy. Lime and limestone 
scrubbers are less energy intensive, but because they are a larger share of 
total Investment (38,5 percent), they also consume approximately 30 percent 
of all direct energy. Total direct operating energy will be 643 trillion 
Btu in 1977 and 1,121 trillion Btu in 1983; * 

Indirect energy for air pollution control consists of the energy re- 
quired to fabricate -and to build pollution control devices... According to DSI 
estimates,* approximately 40,000 Btu are required for every (1976) dollar of 
capital investment for pollution control devices. The equipment is assumed 
to last 20 years, which results in an annual coefficient of 2,000 Btu/$, 

Table 3=4 shows the indirect energy needed to support air pollution 
control by industry. The energy is small compared to direct operating 
energy. 

Table 3-5 summarizes the energy required to manufacture. Install and 
operate industrial air pollution control devices. The totals are 676 trillion 
Btu and 1,179 tril lion fttu for 1977 and 1983, respectively. 



$&3 




Estimates of the energy equivalents of equipment are discussed in Appli- 
cation of N et Energy Analysis to Consumer Technologies , Appendix A, pre- 
pared for ERDA by DSI, December 1976, Pollution control devices were „ z> /* 
jnQumpd to have average Btu/dollar conversion fa ctors. j 



9 

ERIC 



TABLE 3-3, DIRECT ENERGY REQUIRED FOR INDUSTRIAL AIR POLLUTION CONTROL 



) » Direct Energy Direct Energy 

Fraction Capital Investment Coefficient 'Required 



Fraction Capital Investment loenicicnt Kegmrea 
Control T echnique of Total (HlUgns of 1975 S) (1000 Btu/$) (W m) 



V 
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\ 



\ 



1977 1983 * 1977 J983 



Electrostatic Precipitators 0,058 957 1,667 5,49 5 9 

Wet Collectors 0,132 2,178 3,795 93.42 203 355 

Lime/Limestone Scrubbers 0,385 6 5 ! 353 11,068 32.00 203 354 

Fabric Filters 0,255 4,208 7,331 28.23 119 207 

j 

Acid Plants . 0.029 478 834 I 41.03 20 , 34 

Other • 0.141 2,326 4,054 40.03 93 162 



16,500 23,749 643 1 ,121 



/ 



c 

I, ' 



TOTAL 



16,500 28,749 



f 
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TAD! C '') /! Tfih 

I MBit *Hh 1 1 4 D 


IRECT i :l\ ?.(,] REQUIRED 1 


FOR INDUSTRIAL AIR POLLUTION CONTROL 


rnntrnl Tpnhrnmm 

WUMLIUI i cLf li l l LjUc 


Capital Investmenl 
irii M ions ot ly /b , 


Construction; 
t Energy Coefficient 
\) (1000 Btu/$ 


L 

Construe 
Enerqy Rt 
(1012 


- 

rtion: 
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TABLE 3-5. TOTAL ENERGY REQUIRED FOR 
INDUSTRIAL AIR POLLUTION CONTROL 



o) Technique 



Total Energy Required 
(1012 Btu) 



1977 


. 1983 


h 


' 12 


207 


*5 f *3 

363 


216 


376 

w f W 


127 
21 


s. ; 222 
36 


98" 


170 


676 ' ' 


1,179 



Electrostatic Precipitators 

Wet .Collectors 

Li me/ Limes tone Scrubbers 

Fabric Filters 

Acid Plants 

"Other , . 



TOTAL 



3,2 Control of S0 X and Particulate Emissions from Electric Power Plants 

The Council on Environmental Quality estimates that, as a result of the 
Clean Air Act Amendments of 1970, the electric utility industry will have in- 
vested about $8,9 billion in new plant and equipment for air pollution control 
by the end of 1982, These incremental capital expenditures will be for de- 
vices which limit the amount of particulates and sulfur oxides (S0 X ) which 
escape into the atmosphere from the burning of oil or coal in utility boilers. 

i 

Oil- and coal*burning. utilities 'will control particulates primarily 
, through the use of electrostatic precipitators, S0 X emissions control is more 
complicated:* ( 

1. S0 X can -be removed from the power plant stack gases by scrubbers; and/or 

2. The utilities can burn low sulfur fuels; and/or 

- - - * ; r, • 

3. Fuel producers can remove sulfur from their output at the point of • 

mining or refining. 

•j 

Any air pollution control method which requires a utility (or a refiner) 
to instill and operate additional equipment as part of his production process 
will result in additional consumption of energy to operate the equipment and 
to provide any chemicals needed for the control process. 

- , ..„_..__. i 

. 0 * Not included are methods fuch as tall stacks, intermittent control systems 

and supplementary control system^-none of which (alone) satisfy the + u 
ultimate requirements of the Clean Air Act. 3/ 



The following subsections develop estimates of the additional energy 
rtquirtd to make It possible for electric utilities to meet federal stan* 
Is for S0 X and particulate emissions, 



Mjthodoloay^and Assumptions 

The methodology used for estimating the energy consumed In onder to re- 
0||ce power plant-generated air pollutants to acceptable levels has twelve 
m * — steps: 

For the two power plant-based pollution control 
% techniques (electrostatic precipitation and stack 
gas scrubbing), determine the energy required to 
operate the devices as a function of plant gener- 
ating capacity. 

Determine the required fraction of SOx removal from 
the flue gas as a function of, fuel heating value 
and weight percent sulfur. 

Determine the limestone a*id water needed, and sludg 
produced, by scrubbers as a function of fuel heating 
value arid weight percent sulfur, 

Determine the energy needed to produce and trans- 
port a unit (ton) of lime or limestone, and the 
energy consumed p$r tori to transport and dispose of 
sludge in a landfill . 

Determine the operating energy required per barrel 
of residual oil desulfurized (Including the energy 
needed to produce the required amount of jjydrogen 
for the desuHurization unit) as a function of 
weight perofnt sulfur in the residual oil and the 
resultant /required fraction of sulfur removal. 



Step 1 ; Precipitator 
and Scrubber Operating 
Energy as Percent of 
Plant Output 



Step 2 : Required S0 X 
Removal from Flue Gas 



Step 3: Chemicals. 
Requ1red/Sl udge / 
Produced by Scrubber 

Step 4: Energy Per Ton 
to Produce Limestone 
and Dispose of Sludge 



Step 5 : Residual Oil 
Desulfurization 
Operating Energy per 
Barrel 



Step 6 : Power Plant 
Capacity and Fuel Mix 
in $977 and 1983 1 

Step 7 : Coal and Oil 
Supply and Quality in* 
1577 and 1983 



Detenli^ the predicted characteristics of power 
plants 1W1977 and 1983, Including generating 
capacity by type of fuel used, 

Determine the predicted supply, source and quality 
(sulfur content, heating value) of residual oil and 
coal for electric utilities in 1977 and 1983. 
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Step 8: Population of 
Control Pi view * 



Step 9 : Direct and 
Indirect Energy Consumed 
for Controlling Power 
Plant Air Pollution 



Step 10: 
Penal ty 



Capacity 



Step 11 : Capacity 
Penalty, Low Sulfur 
Coal 



Step 12: 
Energy 



Materials 



From the Information produced in Steps 6 and 7 f 
determine for 1977 and 1983: , 

a s the total megawatts of power generating capacity 
which will have to burn "coal that -exceeds the 
maximum acceptable sulfur content and therefore 
require stack gas scrubber^; 

b. the total coal -burning capacity that will re- 
quire western low sulfur coal; 

e. the total amount of residual oil that requires 
desulfurization; 

d. the total megawatts of fossil fuel burning 
capacity which will require electrostatic pre- 
cipitators, ^ 

Using the unit data developed from Steps 1-5 and 
the requirements forecasts developed In Step 8, 
determine the energy consumed in 1977 and 1983 for: 

ic precipi- 



a. operating power plant electros. 
UioPt and limestone scrubbers; 

b. producing limestone for the stack gas scrubbers; 

c. disposing of the. sludges produced by the 
scrubbers; 

t d. ransport of western low sulfur coal ; 
e. desulfurizing residual oil . 

The operation of scrubbers and precipitators re- 
quires electricity that must come from capacity 
additions. Using the estimates obtained in Step 9, 
estimate the necessary capacity additions and then 
determine the energy cost of those additions. 

Because of the lower heating value of low sulfur 
coal (supplied principally from the Northern Great 
Plains) power plant capacity is derated. Estimate 
the capacity derating and the energy cost of re- 
placing that capacity. - 

From the estimates of capacity 'requiring scrubbers 
and precipitators (Step 8) estimate the energy cost 
of constructing scrubbers and precipitators. 



J 



Thus, the methodology employed is based on developing a set of unit data 
for the various air pollution control techniques, and then applying the data 
to predicted requirements for each technique. Although the methodology falls 
far short of a more comprehensive materials flow approach, >it does include con 
si deration of energy consuming activities which occur prior to, and after, the 
operation of a control device itself. 
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Various, assumption^ are made at each step of the analysis, Some of the 
more Important assumptions are- , J 

, \ * * ■ - ' 

1 Limestone scrubbing will be the dominant technique for removing S0 X "from 
power plant flue gases over the time frame of 1975-1983. Low sulfur 
coal use will emerge by 1983 as the second most used control technique, 

2, Electrostatic precipitators and Venturl scrubbers will be used for re- 
moving particulates frow power- plant flue gases over the 1976-1983 
period. It 1s assumed that when Venturl scrubbers are used In combination 
? w1th SOg scrubbers* the operating energy requirements over and above the 
energy for the SOg scrubbers are negligible. It is further assumed that 
all oil-fired capacity will use electrostatic precipitators. 

3. *0ver the range of sulfur and^particulate removal normally required for 

power plants, neither scrwfcber nor precipitator operating energy varies 
significantly as the percent S0 X of particulates change*** (The validity 
of this assumption has not been verified for low-sulfur coal with high 
ash content. Thus, operating energies for precipitators on plants burning 
low-sulfur coal may be somewhat understated. This understatement is 
s partly offset by the assumption that all oil-fired capacity will have 
precipitators, r** , - 

4, *Scrubber and precipitator operating energies are direct (but different) 

functions of plant generating capacity, The ratios of operating energy 
4o plant capacity for the devices are constant over the range of capa- 
cities covered In this analysis, 

5. Limestone is the only chemical required in significant quantities for 
power plant air pollution control,**** 



*** 



These assumptions were verified in part through analysis of available 
data from other studies, 

TVA report PB No, 183908, Sulfur Oxide Removal from Pov^r Plan t Stack 
Gas: Use of Limestone In Wet-scru bbing Process, \ ^ , ' 

A further source of overstatement of the enfirgy consumed for removing 
pollutants from flue gases is the assumption that the control device 
will be sized to handle the entire flow of gases. In practice, many 
control systems will be designed so that part of the gases will bypass 
the scrubber or precipitator. The feasibility of this design practice 
depends on the particular circumstances at a specific site. 
**** DSI studies of operating scrubbers indicate that the predominant scrub- 
bing technique uses limestone. Hittman Associates ( Intermittent Versus 
Constant SO g Controls for Retrofit of Existin g Coa 1 - Fi red Power" P Van't's ) 
similarly corfcl ude that "the limestone slurry scrubbing system was 
chosen because it presently (1976) accounts for the .largest percentage 
of installed megawatt capacity with FGD systems, " 




6. Thi sludgi from limestone scrubbers- will be disposed of .(without drying) 
1n a sanitary landfill at some distance from the power plant,* 

. t • ' ■ ' 

7. **The operating energy for desulfur1z1hg*res1aual oil should include the 

energy needed to produce hydrogen for the desulfurization unit. The 
s total operating energy increases nonlinearly as the sulfur content of 
fc the residual oil, increases. , 

8. The efficiencies of fossil fuel plants wi 14 be constant over the 197S- 
1983 time frame, with fossil fuel pi ant 4 efficiency at 34 percent and - ..♦ 
nuclear plant efficiency at 32 percent. 

9. Total power generation, generating capacity by fuel type, and consumption 
of fuels by electric utilities in 1977 and 1 983" wi 1 1 be as reported by 
EPA.*** 

10. The published estimated cost of scrubbers and precipitators 11 reason* 
s- able,*** The energy for scrubber and precipitator construction is 

40,256 Btu/$ (1975),**** 

11. Total energy requirements attributable to United States air pollution 
regulations should be estimated. Consequently, energy used to desulfurize 
residual oil refined in foreign countries is included as well as energy 
required for domestic operations, 

Coal-Fired Power Plants' Control Strategies 

The energy penalties for three different control strategies for coal- 
fired power plants are presented in the following pages. Estimates we re J made 
for construction, installation and operation of limestone scrubbers, transpor- 
tation and utilization of low sulfur coal, and construction, installation and 
operation of electrostatic precipitators. In the case of the precipitators, the 
estimates cover some coal -burning capacity and all oil -burning capacity. 

The control strategies for coal -fired power plants are given In Tables 
3-6 and 3-7 for 1977 and 1983, respectively. The coverage assumptions are 
derived from Economic and Finanaical Impacts of Federal Air and Water Pollu- 
tion Controls on the Electric Utility Industry , Technical Report, Exhibit 
II 1-9 and a personal communication from James Ferry, U.S. EPA, on October 4 3 ^ 
1976, Estimates of the capacity utilizing coal are from tM same report, 
Exhibit 1 1-4. ^ 



* According to information from TVA (James Crowe, Tennessee Valley Autho- 
rity, Personal Communication, November 1976), sludge Is frequently dis- 
posed of in clay-lined ponds. However, this disposal technique will 
likely be unacceptable except as a short-term measure. Because of the 
uncertainties conceJpng Improved methods for sludge disposal , this re- 
port does not include provisions for the energy required for (for ex- 
ample) sludge drying, recalcination , land reclamation or incineration. 

** The assumptions were verified in part through analysis of available 
data from other studies, 

*** Temple, Barker & Sloane, Inc., Economic and Financial Impacts of Fe deral 
Air and Water Pollution Contr ols on the Electric Utility Industry, Tech- 
nical Report for U.S. EPA, May 1976, Page 1 1 1-24, 

**** Development Sciences Inc., Ibid. - 
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TABLe' 3-6, COAL-FIRED- POWER PLANT COJ/ERAGE ASSUMPTIONS 
AND CONTROL STRATEGY FOR COMPLIANCE WITH CLEAN AIR ACT: 1977 

(106 kw) 



Problem/Control /Strategy 


Pre-1974 
Units V. 


1974-76 
- Units 


1977 
Units 


, Total 


Particulate Control 
Precipitators 
Venturl Scrubbers* 


61.3 
21.1 


18,2 
11.5 


5.0 
6.7 . 


^84.5 
39,3 


SOg Control • ' . 










Scrubbers * 
Washfng ao<jl Blending * 
Medium SuTfyr Coal 
Western Low Sulfur Coal 

— \ ; ■ — . 


42.9 
37,2 
21.8 
1,4 


11.5 

11,4" 
2.2. •. 


6.7 
5,0 


61.1 
37,2 
33,2 
8.6 



Venturi Spcrubbers are installed In combination with SOg scrubbers 

Sources: triple, Barker & Sloane, Inc., Ibid, Table III-9; Personal Coirmunl- 
, • cation from J. Ferry, EPA, October 1976, 



■ TABLE 3-7. COAL-FIRED POWER PLANT COVERAGE ASSUMPTIONS 
AND CONTROL STRATEGY FOR COMPLIANCE WITH CLEAN AIR ACT: 1983 

(1Q6 kw) 



Problem/Control Strategy 

Particulate Control 
Precipitators 
Venturi Scrubbers* 

SO2 Control 

Scrubbers 

Washing and Blending 
Medium Sulfur Coal 
Western Low Sulfur Coal 



Pre-1974 
Units 



61.3 
21.1 



42.9 
37.2 
21.8 
1.4 



18.2 
11 .5 



11.5 

11.4 

2,2 



54.6 
52.4 



52.4 
54.6 



Venturi scrubbers are installed ir 



1974-76 Post-1976 
Units Units Total 



134,1 
85.0 



106.8 
37.2 
33.2 
58.2 



i nation with SOg scrubbers 

Sources: Temple, Barker & Sloane, Inc., Ibid/Table II 1-9 ; Personal Cummuni- 
cation from J. Ferry, EPA, October 1976. 
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Low Sulfur Coal - 1977* j 

* In 1977 power plants of. 8.6 x \o 6 kw capacity will bum low sulfur coal. 
With a load factor of 55 percent fori coal-fired power plants,* plants burn- 
ing low sulfur coal will generate 41.4.x 10^ kvrtu Assuming a power pl^nt 
efficlency of »34 percent* input energy to the power plants is 417.4 x \K) 

Btu. . ■ r 

One of the energy penalties for'lut1l1z1ng western low sulfur coal is the 
operation of precipitators for control of particulates. The operating energy, 
capacity and materials energy penalties for those precipitators are calculated 
in a later section of this report. \ 

* There i s a j f 1 ve percent capacity Ipenal ty** for* pre- 1 977 power-plants -due 
to boiler derating associated with burning low sulfur ^western coal. Applying 
this penalty to the 3.6 x 10 6 kw burning flow sulfur coal at a replacement 
cost (1975 dollars) of $211/kw* and using an energy, cost of 36,925 Btu/$ gives 
a capacity penalty of 1.4 x 1Q12 Btu: \When amortized, oyer 20 years, tire capa- 
city penalty converts into an annual energy cost of .07 x 11)12 Btu. Note that 
this is an upper limit on the capacity ipenal ty, if excess capacity exists it 
can be brought online and the capacity penalty is diminished. 

The major energy penalty associated with the "util rzation of low sulfur - 
coal is the energy to transport the coal from the Northern Great Plains to 
the areas of consumption. Most coal-burning utilities in the United States 
are located in four regions: the Middle; Atlantic region, the East North 
Central region, the South Atlantic region and the East South Central region. 
Transportation of coal from the Northern! Great Plains to these regions implies 
a substitution of the low sulfur coal for traditional supplies. It is esti- 
mated that, average transportation distances for the low sulfur coal will be 
1 575 miles, and that the coal will supplant the traditional average trans- 
portation distance of 575 miles. Approximately 76 percent of thi ton-miles 
of delivered western coal will be by rail (at an energy cost of 680 Btu/ton- 
mile); the remaining 24 percent will be by water (at an energy cost of 3/b 
Btu/ton-mile), to give a weighted energy cost of 607.5 Btu/ton-ml e.*** This 
.compare; with a weighted energy cost' of 59ff.4 Btu/ton-mile for the current 
transport mix, 



* Tempi? Barker A S Inane, inr . Fmnnmic and Financial Impacts of federal 
■ Air and Water Pollution Control-, on the Electric Utility Industry, Tech- 
nical" ReporFfoFXT.'YPA'rMay 1976. 

p,.(kO"t-"nvironi,ietital Specialists, Inc., Particulate and Sulfur Dioxide 
K„;,v,,un Control Cost Study of f.he Electric Utility Industry , Preliminary 
;V,fi. "f,')V " ij'.S. EPA," Contract 68-01-1900. 
> '!„tir.nnv U".v- ot i ! F nernv Corisump ti on of Envi ronm ental Control';: 

FnsHl Fuel > i Electric GeneYaTMa/ Indus' try, Draft Report prepared by 

EnviV'n:H.fr.i..ii'!irse.«.rrn'"ft Technology". Inc. , for U.S. Department of Commerce 
■J.jtma r • : • ' ?• 
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In 1977 22,44 x 10 6 tons of low sulfur coal will be burned, Because of 
Its, relatively low heating valiie (9,300 Btu/lb, vs. 11,800 Btu/lb average for 
the hlgh^ulfuc coal it replaces), the 22.44 x,10 6 tons will be substituting 
*for 17.69 x 10° tons of high sulfur coal that would have been burned in the ** 
^ft!SL 0f a1r P 011 ^ 10 " regulation^. This western low sulfur will be trans- 
portfa^^75 miles at an energy cost of 607.5 Btu/ton-mile, givfng a trans- 
ported ornpergy co^tof 2T.47 x 10' 2 Btu. , ' 

."> .., The net transportation energy cost is found by subtracting the* cost of 
transporting high sulfur coal from the gross energy cost of 2K47 x 10 • Btu-. 
for low sulfur coal. The 17.69 x lO* tons of high sulfur coal is transported 
a distance of 575 miles at a cost of 595.4 Btu/ton-mile. Thus the transport ■ 
energy for traditional supply sources is 6.06 x 10 12 Btu. The new transport 
cost for substituting low sulfur coal for high sulfur 1s 21:47 % 10' 2 minus - 
6.06 x 1012 Btu, or 15.41 x 10l 2 Btu. 7 .. , 



Low Sulfur Coal - 1983. 



In 1983, 58.2 x 10 6 kw of coal -fired capacity will burn western low sulfur 
coal, generating 280.4 x 1Q9 kwh. Power plant fuel input will be 2814.7 x 10l2 



Btu. 



As in the 1977 case, the capacity penalty applies only to those units con- 
structed prior to 1977. Thus the capacity affected is 3.6 x 10° kw, implying 
a capacity penalty of 1.4 x 1Q12 Btu, or .07 x 1012 Btu per year. 

The major energy penalty associated with using low sulfur coal will again 
be the energy to transport coal. In 1983, 151.33 x 10 6 tons (at 9,300 Btu/lb) 
will have to be transported 1,575 miles, implying an energy cost of 144.79 x 
10 u Btu. This supplants the shipment. of 119.27 x 1Q 6 tons shipped 575 miles 
at. an energy cost of 40.83 x 1 0 ' 2 Btu. The transportation increment is thus 
103.96 x 10 12 Btu. ' ■ • 



Flue Gas Desul furization - 1977 



\ 

Energy penalties for flue gas desul furization are divided into three 
categori es : 

1. An "energy penalty" associated with operating the scrubber. This con- 
sists of both the direct energy consumed in scrubber operation and the 
indirect energy to mine and transport limestone and to transport sludge 
to a disposal site. 

2. A capacity penalty to reflect the additional capacity required to re- 
place capacity used to generate the electricity to run the scrubber. 
It has been assumed that this penalty will equal the direct operating 
energy penalty. This places an upper hound on the capacity penalty 
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' which my be reduced by, for example, using excess steam for stack gas 
reheat or using ell to run a fan or pump. The capacity penalty W this, 
case may be less'than the energy penalty,** • 

3. A materials energy penalty associated with tha^constructlon -of the 
» scrubbers . * 

■ ', (,.. 

Data on the operating characteristics of 'limestone scrubbers Indicate that 
their energy requirements are approximately 3.5 percent** of a coal burning ... 
power plant's fuel input. This percentage has been^found for a, range of plant 
s lies from 200 to 1000 megawatts and for coal sulfur/ content ; of from 2 to 5 
percent; In 1977 6M x 10*5 kw will- use scrubbeVs.< Assuming a load factor 
of 55 percent and an efficiency of 34 percent, Input energy is- 2,955. 05 x 10' 
Btu. Thus the direct operating energy penalty is 103.48 x 10'^ Btu. 

The indirect energy consumption consists of limestone extraction and * 
transportation and sludge disposal.. In 1977 5.778 x 10 6 tons of limestone will 
be required. At an extraction energy of 75,000 Btu/ ton,*** the energy penalty 
is 0.43 x 1012 Btu. The 5.778 tons are assumed trucked an average distance of 
100 miles, at 1,165 Btu/ton-mlle, Incurring an energy penalty of 0.67 x 10" j 
Btu.. For sludge-disposal it was assumed that truck transportation to a land- 
fill s"1te twenty miles from the power plant would consume an average of 1,165 
Btu/ton-mile, or 46,600 Btu/ton of sludge. Equipment oeprations at the fill 
site are assumed to consume 129,000 Btu/ton of sludge, Sludge generation in 
1977 is 13,045 x 10 6 tons * implying a disposal energy consumption of 2.29ix 
TO 12 Btu. 

The* capacity penalty is assumed equal to the energy penalty of 3.5 per- 
cent. If 61.1 x 10 6 kw will require scrubbers in 1977, capacity loss will 
total* 2 14 x 10 6 kw. The energy requirement to replace this lost capacity 
will be'l6.67 x 1012 Btu , based on a 1975 replacement cost of $211 per kilo- 
watt**** and an energy cost for public utility construction (1/0 Sector 11.03) 
of 36 925 Btu/$.***** When this replacement energy cost is amortized over 
twenty years, the annual cost is 0.83 x 10^? Btu. 

* Pedco-Environmental Specialists, Inc., Particulate and Sulfur Dioxide 

Emission Control Cost Study of the Electric Utility Industry , Preliminary 
Draft Of U.S. EPA, Contract 68-01-1900. 

** As Indicated In the text, 3.5 percent is derived from Development Sciences 
Inc data on power plant operation. There Is a considerable variation in 
the range of estimates. PEDCO gives a direct operating energy penalty of 
1.8 percent, with a range of 1.1 to 4.4 percent. Energy Consumption of 
Environmental Controls: Fossil Fuel, Steam Electr ic Generating Industry 
Draft Report uses 5.5 percent, with a range "derived from a literature 
survey, of 1.5 to 9.5 percent. The 3,S percent penalty is supported 
primarily from data developed by TVA. . 

*** Colorado School of Mines Research Institute, MinBral Industries Bulletin, 
V. 18 Number 4, July 1975, p. 12, Table 5, 

**** Temple Barker & Sloane, Inc., Economic and Financial Impacts of hedera i 
Air and Water Pollution Control on the Electric Utility Industry , Tech- 
nical Report for U.S. EPA, May 1976. . • . 

*****Development Sciences Inc., Application of Net Energy Analysis to Consumer 
Technologies, Report to U. S7ERDAT~C°n tract E(49-lF3847, December 1976. 
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0f the 61.1 *x»106 kw using scrubbers' 1n 1977, 42.9 x 10°" kw will be 
\ r? tr ? f l! s ' The avera 9e cost of the retrofits (based on $86.83/kw for com- 
-blned Stte and VentuH , scrubbers;, and $70. 27/kw'for SO2 scrubbers only) "is 
estfnsted to be $78.4Q/kw,* The reirtrjnlng scrubbed capacity will have 
scrubbers Installed at a cost of $72.06/kw. Construction energy. at 40,256 

2 Hi 1U1J x 10 Btu * Amortizing over 20 years gives a value of 

9.41 x ra't Btu as the annual materials energy penalty. 

■ * ' ■ 

! ' • » " 

Flue Gas Desulf urination - 1983 ' * v 

The analysis of the energy penalty associated with flue gas desulfuri- 
zatlon is armlagous to that for 1977. Capacity of 106.8 x 10° kw will be" 
scrubbed, with 42.9 x 10° kw being retrofits and the remaining 72.8 x 10* kw' 
being new Installations. 

«. • , 

The direct operating energy penalty (3,5 percent), applied to an Input 
energy of 5162.3 x 10^ Btu. is 180.79 x To'2 Btu. Limestone extraction 
(9.95 x 10° tons) requires 0.75 x 1Q 1Z Btu, while transport requires 1.16 x 
10'^ Btu. Sludge disposal (22.47. x'-lO 6 tons) requires 3.95 x IQl 2 Btu. 

Replacement of 3.5 percent of the scrubbed 106.8 x 1q6 kw at a cost of 
1211 kw implies a capacity energy penalty of 29.14 x 1 ol 2 Btu, or 1.46 x 1012 
Btu, annually when .amortized over 20 years. Materials energy for the construe 
ti,on of scrubbers. 42.9 x loo kw of which will be retrofit at a cost of 
$78.4Q/kw, will be 320.76 x 1Q12 Btu. Amortizing this value over 20 years 
gives an annual materials energy penalty of 16.04 x lO 1 ^ Btu. 



Precipitators - 1977 

As noted at the beginning of the section, all oil capacity and some coal 
capacity (See Table 3-6) will use precipitators. For 1977, 84.5 x 10 6 kw of 
coal capacity and 87.4 x 1Q 6 kw of oil capacity will be equipped with pre- 
cipitators. As in the scrubber analysis, there are three sources of energy 
penalties associated with using a precipitator: 

1. A direct energy penalty to run the precipitators. 

2. A capacity penalty because of electrical consumption to' run the 
precipitators. 

3. A materials energy penalty associated with the construction and in- 
stallation of the capital equipment, 




Temple, Barker & Sloane, Inc., Economic and Financ ial Impacts of Federal 
Air and Water Pollution Controls" on the Electric Ufilit.y In dustry Tech- 
nical Report for U.S. LPA, May 19/6, ' 
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Analysis of precipitator operation Indicates that there Is a direct^ 
energy penalty of approximately 0.2 percent to operate a typical device. 
Given an efficiency of 34 percent for both the oil- and coal -fired plants 
and load factors of 51.3 percent for oil and 55 percent for coal, the oper- 
ating energy penalty 1s 16.06 x 10 12 Btu. / 

Capacity derating of 0.2 percent will be applied to 84.5 x 10 6 kw of 
coal capacity and 8/. 4 x 106 kw of oil capacity. At a replacement cost of 
$2li/kw for coal lind $220/kw for oil, the capacity penalty will be 2.7g x 
10'2 Btu. Amortizing this amount over 20 years gives an annual energy cost 
for capacity additions of 0.14 x IQlZ Btu. 

In 1977, 79.5 x 106 kw of coal capacity aridi£S3.8 x 10 6 kw of oil capa- 
city will be retrofit with precipitators. An additional 5.0 x 106 k W of new 
coal capacity and 3.6 kw of new oil capacity wilT also require precipitators. 
At a capital cost. of $45.5Q/kw for retrofits and $56/kw for new installations 
and an energy cost of 40,256 Btu/$, the materials energy penalty in 1977 will 
be 318.5 x 10^2 Btu. Amortizing over 20 years gives an annual charge, appli- 
cable to 1977, of 15.93 x 10 12 Btu, 



Precipitators - 1983 

As for 1977, all oil capacity (93.2 x 10 6 kw) and 134.1 x 106 kw of coal 
capacity (Table 3-7) wil 1 require precipitators. 

An operating energy penalty of 0.2* percent applied to the affected oil 
and coal capacity implies a penalty of 21,38 x 1Q12 Btu. A similar capacity 
penalty of 0.2 percent, with coal construction cost of $211 /kw and oil con- 
struction cost of $220/kw, carries an energy penalty of 3.64 x 1012 Btu. or 
0.18 x IQl 2 Btu per year. A materials energy penalty of 443.39 x 10" Btu, 
amortized over 20 years, gives an annual penalty for the construction of 
precipitators of 22.17 x 10' 2 Btu. 



Residual Oil Desul furization - 1977 



For both years, two residual oil desul furization cases are developed. 
Case I considers only domestically refined oil, while the second case esti- 
mates the energy cost of desulfurization of all residual oil, whether foreign 
or domestically refined. ■ In Both cases estimates are made of operating energy 
requirements for the desulfurization process. 

Case I: Data from Mineral Industry Surveys (June 1976) indicates that 
for the first half of 1976 50.8 percent of all residual oil will be domes- 
tically refined. Of the domestic product, the following breakdown by weight 
percent sulfur holds: 
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TABLE 3-8. PERCENT OF DOMESTICALLY REFINED RESIDUAL OIL 
/ BY WEIGHT PERCENT SULFUR 





V ^ - ' 

Weight Percent Sulfur 


Percent of Product 






0 - 0.5 


26.26 






0.51 - 1.0 


23.29 




* 


1.01 - 2.0 


24.48 






>2.0 


25.97 




- L j 



For 1977, utility consumption Is 644.4 x 10 6 bbls of residual oil', 
327.36 x 10" bbls of which will be domestically refined. For the domestically 
refined product the following breakdown by weight percent sulfur will hold: 



TABLE 3-9. BARRELS OF DOMESTICALLY REFINED PRODUCT 
• BY WEIGHT PERCENT SULFUR 



Weight Percent Sulfur 


Average Percent Sulfur 


10 6 Barrels 


0-0.5 


0.25 


8.5,96 
7fi. 24 


• 0.51 - 1.0 


0.75 


1.01 - 2.0 


1.5 


80.14 


>2.0 


3.5 


85.02 - 




TOTAL 


327.36 




TOTAL REQUIRING 






DESULFURIZATION 


241.40 



Given desulfurization operating energies* of 0.072 x 10 6 Btu per barrel 
foe residual oil with sulfur content between 0.5 an# 1.0 percent, of 0.336 x 
10 Btu per barrel, for residual with sulfur content between 1.0 and 2 6 per- 
cent, and 0.516 x 10° Btu per barrel for residual with sulfur content greater 
than 2 percent, the following energy is required for domestic residual 
desulfurization In 1977: 

Sources from which operating energies, were derived are: Van Dressen 
R.P. »and Rapp, L.M. Residual Oil Desul furlzatinn in th P Fh„ n.^nH nJi 
beventh World Petroleum congress Proceedings, Vol. 4, p 261-274- 
Hydrocarbon Processing . September 1970, pp 210, 211, 213, 214, 224 226- 
Blume, J.H. et al. Remove Sulfur from Fuel Oil at Lowest Cost 
' Hydrocarbon Processing, teat, imhm. p hi- M pa ^ c P ct ^ 

and Gas Journal , Feb. 7, 1966. ' — 
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TABLE 3-10. ENERGY REQUIREMENTS 
. DESULFUF 
(xlOl 2 B1 



FOR RESIDUAL DESULFURIZATION: 197J 



Weight Percent Sulfur - Energy Requirements 



0.51 - 1.0 7 5.49 

1,01 -2.0 V 26, 51 

2.0 \ BM 



TOTAL 76.29 



Case II: Case II assumes that the energy penalty for desulfurizatlon of 
both domestically refined. and foreign refined residual oil is relevant to 
an analysis of the Impact of U.S. environmental regulations. Mineral Industry 
Surveys (June 1976) gives the breakdown, by. weight percent sulfur, for 
all residual refined in the first half of 1976. Those percentages are 
assumed to hold for 1977. The following table presents both the 
percentage breakdown and actual quantity refined, by category, in 1977: 



TABLE 3-11 



PERCENT OF PRODUCT AND BARRELS REFINED, 
BY WEIGHT PERCENT SULFUR : 1977 



Weight Percent Sulfur 



Percent Product in Category 



Barrels Refined 
(xlO 6 1977 



0 - 0.5 
.51 - 1.0 
1.01 - 2.0 
2.0 



31. 
22. 
19. 

26, 



61 
42 
86 
10 



TOTAL 



TOTAL REQUIRING 
DESULFURIZATION 



203.76 
144.47 
127.98 
168.19 

644.4 
440.64 



Given desulfuriiation operating energies equal to those of Case I, 
Table 3-12 presents operating energy requirements for 1977 for 
desulfurizatlon of all high sulfur residual fuel oil. 
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TABLE 3-12, ENERGY REQUIREMENTS FOR RESIDUAL DESULFURIZATION: 1977* 

(x 10 u Btu) 



Weight Percent Sulfur 


Operating Energy 
(10 6 Btu/bbl) 


Energy Reguirenients 
(10T2 Btu) 


0,51 - 1.0 


0.072 


10.40 


1,01 - 2,0 


0.336 


43,00 




0,516 


86.79 




TOTAL 


140.19 



Residual 011 Uesulfurlzatfan 1983 

As tor 1977, two cases are developed. Case I presents the operating 
energy requirements for desulfurlzation of domestically refined residual, 
while the second case treats all residual oil. ( 

Case I : For 1983 it is posited that utility consumption will be 
630.2 x 10° barrels.* Of this total 50.8 percent^ or 345,54 x 10 6 
barrels, will be domestically refined. The same breakdown, by weight 
^percent sulfur, as given for 1977 Is assumed to hold. Thus, the following 
table presents operating energy for residual desulfurlzation in 1983: 



TABLE 3-13. . DOMESTIC RESIDUAL DESULFURIZATION OPERATING ENERGY: 1983 

(x 10' 2 Btu) 



Weight 
Percent Sulfur 


Barrelc Refined 
(xlQ6) 


Opera] 

do' 


ting Energy 
3 Btu/bbl) 


Operating Energy 
Requirements (xlO' 2 Btu) 


0 - 0.5 


90.73 








0.51 - 1.0 


80.48 




072 


5.79 


1.01 - 2.0 


84.59 




336 


28.42 


>2.0 


89.74 




516 


46.31 




345.54 




TOTAL 80.52 



Temple, Barker & Sloane, Inc., Economic and Fin ancial Impacts of Federal 

Air a nd Water Poll u tion Controls on the Electric U til ity Industry " ~ 
Technical Repcrt fcr U.S. EPA, M c \y 19/6 ' — ~~ — 
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Case II: The percent of product by category that was given 1n 
Case II for 1977 is assumed p hold in 1983. Table 3-14 summarizes 
t'heitl983 results. 



TAKE* 3-14, RESIDUAL DESULFURIZATION OPERATING ENERGY: 1983 
• • (xl0 lz Btu.) 

-r 



,, , u* n * c i* Barrels "RefTned Operating Cnergy Operating Energy 
Weight percent Sulfur (xl0 l } , (10 fi Btu y bbl y Requirements (xl0 12 Btu) 



0 - ! 0,S 
Q.51 - 1.0 
1.0? - i.o 

5.2.0 



215.01 
152.50 
135,09 

177.53 



,oi| 

. 336 • 
.51J 



TOTAL 



10.98 
45.39 
91.61 

147.98 



Summary of Energy Estimates for Power Plant Air Pollution Contro l 

The energy requirements of meeting air pollution regulations are, 
summarized in Tables 3-15 and 3-16 for 1977 and 1983, respectively, Of 
particular interest are the relative energy requirements for meeting, 
sulfur regulations: \ the energy penalty for low sulfur Coal is about 
1.8 x 10° Btu per kilowatt, while the energy penalty for flue gas 
desul furizatlort is jfcout 2,2 x 1Q 6 Btu per kilowatt. For comparative 
purposes, the desul furl zation of residual oil in 1983^ will require about 
1 .6 x 1Q6 Btu per kilowatt (excluding materials energy penalties). 

The summary figures presented in Table 1-1 Include all the energy 
associated with desul furizing residual oil for use in United States 
power plants. This conforms to the assumption that all energy attributable 
to air pollution control should be estimated. Foreign oil desul furization 
accounts for nearly 20 percent of the energy estimate of Table 3-1 5 for 
1977 and for approximately 13 percent of the estimate of Table 3-16 for 
1983, The effects on the totals of Table 1-1 are approximately four percent 
and two percent for 1977 and 1983, respectively. 




TABLE 3-15. SUMMARY Of RESULTS FOR ENERGY COST OF 
MEETING AIR POLLUTION REGULATIONS: 1977 



Control Strategy - 



■ Low Sulfur Coal (8,5 x 10) kw) 
Capacity Loss 
Transportation 



Energy Penalty (10 12 Btu) 



.07 
15.41 



15.48 



Flue Gas Desul furization (61.1 x 10 kw] 
CapacHy Loss 
Operating- Energy Penal ty 
Limestone Extraction ' 
Limestone Transport 
Transport Sludge to landfill 
Lime 

Materials /Energy (Scrubber,) 



Preci pi ta tors 



m . a x 




icity Loss 
0 pf ra t 1 ii g E n e r gy P cy.H t y 
Ma te i i a I s Energy ( Prec i p i ta to r ) 



- .83 
103.43 
.43 
.67 

2.29 

9.41 



■ .14 
16.06 
15.93 



117.06 



32.1-3 



Residual Desul furi zat iur; (Domestic Only) 



76.29 



Residual Desul FurizatTon (A 



(Al 1 Residua I ) 



140.19 



TOTAL (Domestic Only) 
fOTAL (Al 1 Res idual ) 



240.96 
304 . 86 
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TABLE 3-16. SUMMARY OF RESULTS FOR ENERGY COST OF 
MEETING AIR POLLUTION REGULATIONS: 1983 



Control Strategy Energy Penalty (10 12 Btu) 



Low Sulfur Coal (58,2 x I0 6 kw) 104,03 
Capacity Penalty . 
Transportation 103.96 

Flue Gas Desulfurizati on (106.0 x I0 6 kw) 204,15 

Capacity Penalty -«J>'™ 

Operating Energy Penalty 180,79 

Limestone Extraction -75 

v Limestone Transportation t 

\ Transport Sludge to Landfill 3,95 

\ Lime " 

"Wa-t^rials Energy (Scrubber) 16,04 

Precipitators (227.3 x 10 6 kw) __ 43 - 73 

.. Capaci ty Loss ■ - ] J 
Operating Energy Penalty 21 .38 

Materials Energy (Precipitators) 22,17 

Residual Desulfurization (Domestic Only) BO, 52 

Residual Desulfurlzation (All Residual) . 147.98 



TOTAL (Domestic Only) 
TOTAL (ATI Residual) 



432.43 
499.89 
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APPENDIX A: COMPARISON 01 POLLUTION CONTROL- RELATED ENERGY 
• CONSUMPTION ESTIMATES — ~ 



Before developing the estimates presented in the main body of this 
report, the work of others on the same problem was reviewed in depth. 
The review proved frustrating, for few of the written reports provided 
in/ormation on assumptions, rationale, or methodology which was 
sufficient for purposes of judging the validity of the estimates. 

Table A-l lists some of the studies which have attempted to develop 
national -leyel estimates of the energy requirements for pollution control. 
Table A-2 presents a x pari son of the estimates produced by these studies 
with those developed during this project. To enlarge degree, the various 
results cannot be compared— basic data from EPA and CEQ has changed 
since all of the studies were completed, and differing assumptions (many 
of which are unknown) among the studies would naturally lead to diverse 
results. However, the comparison shows that although analysts "disagree 
on the distribution of energy penalties for pollution control among 
sectors, most would peg the overall penalty for control of pollutants 
from stationary sources at about 2 perdent of national energy consumption. 

The following pages contain brief comments on each of the other 
studies. To appreciate the contribution of each effort, however, the 
final reports themselves- should be reviewed and evaluated. 



TABLE A-1 

OUS STUDIES OF THE ENERGY REQUIREMENTS FOR POLLUTION CONTROL 



Ful]; Document Title 



First-Order Estimates, 
of Potential Energy 
Consumption Implication 
of Federal Air and 
Water Pollution Control 
Standards for Stationary 
Sources, July 1 975* t 



Energy Costs of Limiting 
the Degradation of the 
Environment; Report to the 
Energy Policy Project by 
I Crampton, et al s Physics 
Department, University of 
Michigan, Ann Arbon, Mi chi gar 
" 1974, 



Brief Description 

This is an earlier report by DS1 using 
(lata from 1974. The methodology and 
assumptions are basically the same as 
for the new study, with the exception 
of those for municipal wastewater 
treatment. National energy estimates 
ire derived for control of industrial air 
and water pollution control, for abatement 
of air and thermal water pollution from 
electric power plants, and for improving 
municipal wastewater treatment plants to meet 
federal water quality standards, 

A careful review of the energy implications 
of controls in five sectors: transportation, 
stationary source air pollution, waste heat 
from steam power plants, industrial waste- 
water, and both liquid and solid aspects of 
agricultural and municipal wastes. Conceptual 
the approach covers direct fuels and electricity 
plus energy behind raw materials and capital 
construction. Energy penalties are given in 
Btu for each control, but are not always given 
at the national level due to further assumptions 
needed about Implementation and timing. Use is 
mk of energy conversion factors for materials 
and construction from Herendeen's input/output 
analysis based upon the 1963 economy. 



i 
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TABLE A-l (continued) 

www STUDIES OF the energy requirements for pollution control 

MmmUm ' Bnef Description 

Energy Demand andlupply; M 

prepared for Federal Energy L 1 n K Mim > 

f^KWr™ ^yive sectors iich tand ^sl"t 
June- 1974 ' new energy s * (deTays in refinery 

expansion, nuclear power plants and Alaska 
pipeline; restrictions on offshore oil 
eases and surface mining), Presents data 
for 1973 and 1980. Nature of impacts of 
regulations and the penalties or savings 
resulting are expressed in brief "summary 
fashion, and the basis of numbers used is 
not always clear, ^ 

StSSZt ° f Wa " 35 listing 

4ticT n a !f R 0 . p,Mts « P<>»1Me investment 9 

Industries Dye -tolest ? h T W needed for implementation 



wially Available- '"" 7;i r . C ' a " y avai ! ab,e; m «««te of the 
Prepared fc/ja L. in M and as a 

Office of Wafer Proa™ 9 WMSei Md Kmt> ^ Plants 

- ■ - "■ l ' t '-»>. currently meeting^tandards. The tjraing of 



'iroiwntfli Protection 



"?nncy, Washington, D. C; Kg °f* f ™ Wedges 

in cneci u// - 1983. The methods by which 



! .. 1 (V 



energy and costs of clean-up were estimated are 
jot described, but are based on EPA Effluent " 
Sidelines Limitations documents. 
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TABLE A-1 (continued) i 
PREVIOUS STUDIES OF THE ENERGY REQUIREMENTS FOR POLLUTION CONTROL 

Short Title Full Document Title Brief Description 

Hirst Study Energy Implications of Subjects covered are mass transit, automotive 

Several Environmental Quality controls, wastewater treatment, solid waste 
Strategies; Eric Hirst, ORNL- management, air pollution, and waste heat, as 
NSF-EP- 53 ORNL-NSF Environ* well as recycling and energy recovery, The 
mental Program, Oak Ridge intent is to find operating energy for the 
National Laboratory, Oak Ridge control systems, The data cover only direct 
Tenfesee; July, 1 973 energy, not that of raw materials and disposal. 

The procedujpro's to evaluate energy implications 
of stringent standards upon 1970 emissions 
levels, The report contains limited explanatory 
or interpretive remarks on how energy costs were 
derived gr multiplied to the national level. 

Economics of Clean Water The Economics of Clean Water - Municipal, industrial, and electric utility 
_ tconomics ^ EnvifQMtal wastewater and tfOTl disc h arg es are discussed. 

0 Protection Agency, Washington, Estimates are given for capital and operating 

DC, December 1973,' a report costs to meef 1977 effluent standards, including 
to the Congress from the needs for new municipal sewage treatment plants. 
Russell E. Train Direct energy costs are presented for power 

plant toeWfig towers. 

Clonal Commission ' Staff Report: National ' A full investigation of all aspects of achieving 
Study Commission on iter Quality, the goals set forth for 1983 in he Federal 

■ i97g „ A Water Pollution Control Amendments of 19/2. 

Energy estimates are not emphasized in this study. 



* < / it 
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Bit A-2 



Mm OF ESTIMATES Of ENERGY CONSUMPTION FOR POLLUTION ABATEMENT 



Municipal taste- industrial Water pZfSlT^^ - "^ 



Study 
DSI (new) 


Year 

1977 
1983 


/ower Plant 
Pollution i 

93 

1 JO 


DSI (Old) 


1977 
1983 


86 
205 


Michigan 


1977 
1981 
1985 


— 

-- 

250 


RPA 


1980 


274 


Heller 


1977 


- i 



Economics of 
Clean Water v (£PA) 1977 



ssiorf 



i 



1983 



1977 
1983 



432 
792 



294* 



181 

36 

253 



236 



137 



479 
1079 

228 
285 



85 
82 



376- 
822 



305 



103 - 342 
282 - 406 



800 
213 



stria! Air 
Pollution Control 

676 
1179 

503 
510 

124 



* Olfl* ^ * the National Mssion on Mater Quality, Th e l*er estimat 
** Estimate for 1990, 
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COMMENTS ON OTHER ESTIMATES OF ENERGY CONSUMPTION 
FOR CONTROL OF 
AIR MID WATER POLLUTION BY POWER PLANTS 

DSI (ojlu) • 

The-Xethodology and assumptions used in the earlier DSI study 
are very sfHla? to those of the current study. The old study did 
n fifty consider the energy equivalent of new capaci y require 
to reolace the electrical generation needed for pollution control 
dev ce Also, the old study used different estimates of the amount 
of generating capacity affected by environmental regulation. 



RPA 



The estimates developed by RPA include only direct energy 
^auilements for pollution abatement *nd do not include energy cost - 
for hid i^osal of residues or the supply of chemicals or required 

■ Abatement for meeting air *t«^J~}»^ s 6 P^S^C' 
•output penalty fur stack gas scrubbing in 973 Percent in 

(reflecting improvements In technology). 1980 installed scruuu n a 
cecity is turned to be 90 000 MW with a 65 percent p«.r n t lo.d 
factor, 98 perce£ particu ate remove i land gf 2 PgJg e ?S r a* r^ollStlon 
1980 energy penalty is estimated as 213 x iu 
control . 

Water abatement procedures assume a 3 percent energy penalty of 
total plant power output. This amounts to m x 10 BtU in UUU. 



E concmi cs_ jj£ Cle an Air 

r„ e ■•eoart estimates the total direct energy required to operate 
,,>chai ca". forced draft cooW towers to ^atetheni. emissions i 
vn> and I9i33. The report in general gives costs m dollars, except 

;,• r' coal requirements for abatement for power plants. No 
i 1f ' 'up nfS Nation on the source of the numbers is. given. The 
,::f in , c ;U ,--„,n;v penalty for thermal pollution is given as 43<i x 10 
i, t u in 1 ) I ' hhl T)l a 10 u Ctu m 1983. 
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Michigan Study f 

This report recognizes and includes most of the factors required 
for total energy accounting, It neglects energy for transporting raw 
materials or waste because these are dependent upon the location of 
the abatement procedure, amd the raw material source or the residue 
disposal source, - 

This total accounting procedure leads to some errors In the 
estimates because many of the numbers required are unavailable In 
these cases the study used the results of the Herendeen input-output 
analysis, which provides coefficients to determine the dollar cost 
associated with segments of the national economy. Unfortunately 
these coefficients were determined based upon the 1963 national economic 
activity. Thus, the estimates to not include changes in national 
economic activity between 1963 and the projected year 1985, nor do 
they include effects of technological change. The report thus uses the 
I? 2 J°'2 00 iitu / ,%J 5 operating and maintenance tests and 75,000 
Btu/1963 $ of capital expenditure .amortized over theilife of the 
equipment to estimate process energy requirements v'Am data is 
unavailable. These coefficients may not be appreciate for specific 
activities , * // - 



Fortunately, these coefficients were not used extensively to 
estimate power plant abatement energy requirements , Instead, a detailed 
survey was made of power plant generating capacity and abatement needs 
Thus, tr,e estimates are probably more realistic than estimates presented 
by other investigators, For meeting ai r standards , the report assumed: 

• A 6,5 percent energy penalty of total plant output for SO 
and particulate removal ' " x 

• Thirty percent of national energy is •..-...-d for electric 
power generation 

• Forty-two percent of power plant fuels arircoal and 13 
percent oi i 



For coal, 30 percent low sulfur coal, 50 percent high 
sulfur coal, and 20 percent synthetic fuels derived from 
coal 



* For oil, 50 percent low sulfur oil and 50 percent- high 
sul fur oil 4 

s 0.01 percmit of national energy requirements required for 
control of particulate emissions 
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• Energy requirements for S0 X scrubbing pump power based upon 
installed rather- than operating horsepower 

• 40-60 percent of abatement energy required for stack gas 
reheat in wet scrubbing operations 

t For water pollution, control . a 3 percent penalty of total 
plant output was assumed for cooling towers. 

Michigan's estimate of the 1985 energy penalties for pollution 
abatement by power plants is 800 x 10« Btu for water pollution 
control . 



National Commission Study 

The National Coirniission on Water Quality was created by the 
Congressional Ac^of Public Law 92 500, the Federal Water Pollution 
Control Act Amendments 5 of 1972, to thoroughly investigate ...,311 n 
aspects of the total- jconomic , social, and environmental effects... 
of the law. The stutf was not intended to emphasize energy requirements, 
and it did noi do so U However, the Commission s findings include 
estimates of the enerfy necessary to meet the standards of PL92 500. 

Energy for thermal pollution control is taken from Table 11-38 
Of the National Ow.sion study. It is not clear from the report 
'how Jnergy estimates were developed. The estimates appear to have 
been made from contractors 1 technology assessments. jj 



<% COMMENTS ON OTHER ESTIMATES OF ENERGY CONSUMPTION 

. FOR 

MUNICIPAL WASTEWATER TREATMENT 



DSI (old) / 

M* Th ! DSI $ * ud * employed methodology and assumptions 

Werent than- those use* in the revision. The old study -developed ' 
energy requirements froefesti mates of: T 

1, "Incremental" costs of new municipal wastewater 
„ treatment plants " 

2. D1str1|>ut ion between 10 million gallon per, day (MfiD) and 
100 MOD pla/ts M 

- T * <■ ' 

- 4 3. Costs- and/energy consumption of 10 MOD and 100 MGD plants 

There were'stwral data anomalies that affected results, First the 
incremental cfcsts did not increase monotonically 'between 1977 a^d 

„ifn*e S JJP eC r5^ Co ?S*9 uent1 ^ tne nu^ers of tertiary treatment 
plants estimated for 1983 were incompatible with the projected 
funds needed fW their construction, J 

- A second problem was the assumed distribution between 10 MGD 
and 100 MGD plants. Most (more than 80 percent) of the existing plants 
in the U, S. are smaller than one MGD, and the distribution of new 
plants Is not projected to deviate dramatically from the existing one. 

A third and probably most important aberration resulted from the 
combination -of costs, plant distribution, and per-plant costs and 
energy consumption. In "the old study the total capacity of new plants 
was approximately equal to all the existing capacity of the United Stat 
Since close to 75 percent of the population is now served by municipal 
sewage plants, it is not expected that new capacity will equal old. 

Energy estimates in the earlier study exceeded those presented in 
the current report, due '.mainly to larger estimates of new Rapacity , 



Hirst Study, - ' , 

/ This paper^suryeys a broad field of abatement and presents some 
quick conclusion^ without explaining' the assumptions or methods "of 
calculation. The only national energy total given is 290 x 10^ 2 Btu 

J ' ' S ' " 65 on - ~* I 
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for electricity for a hypothetical situation of secondary treatment 
of a n wastewater (both industrial and municipal ) in 1970. The 
■ estimate 1s the product of : 

41 kwh/ person (secondary level) 

x3 (factor to include industrial 'wastes on BOD basis) 

x 205 million total population 

x 11,600 fftu/kwh , 



RPA Study ( • 

This survey quotes several other sources as ^o electricity use in 
treatment; it does not attempt to quantify other energy consumed in the 
treatment - disposal process, RPA assumes that all expenses of/ • 
treatment after 1968 (quoted as 13.5 MB/D oil equivalent) are due to 
EPA regulations. Their estimates of wastewater treatmeM energy for 
1977 and 1980 are 50 x 10 TZ Btu/year, respectively. ^ 

Michigan Study " •• - ' 

This is an ambitious effort that recrnizes and attempts to 
quantify the entire range of operating energies. Some ° f * ne fl "f P9 s 
are supported by original research. Unlike the other studies, which 
report Snly the electricity used by treatment plants, the Michigan . 
work included analysis of other fuels, as well as the energy associated 
wltt producing chemicals for treatment plants plus- the energy consumed 
in fabricating and constructing the plants themselves. These data^ 
were used for "building-up" an estimate of direct and indirect energy 
consumptions for wastewater treatment in 1971. For, forecasting . 
ourooses^ Michigan used coefficients from input/output analysis to 
caUuUte operating energy demands. As a result, their energy estim. tes, 
are higher than the others-for 1901 they forecast ^3G x u ^ includi ng v 
"capital" energy. The paragraphs below comment on some aspects of . 
the Michigan approach. • , 



Chemical Energy. Mi/chlgan utilizes a coefficient relating value of 
"*\ industr al chem icals to the energy implicit in the whole process of 



actually used Is considerable, but the crossover to energy equivalents 
is at least indicative of magnitude, equivalents 

0t !l er .u 1rec K Fue1s - A * 11m1t ed amount of natJral gas, and of gasoline 
ind^r^mrirT used in treatment plants" These were extrapolated 
up to national levels on the basis of volumes of water used per capita, 
but Inapplicability of the sample data to the national census of . 
plants is weak. 

\ 

Total Operating Energy, As an approach to forecasting operating energy 
estimates, Michigan utilized a factor of 117,000 Btu/S 1963 developed 
by Herendeen for the category of "Water and Sanitary Services" 1 
operations. This was devalued to $ 1972 and appliad to certain 
wastewater treatment plant costs estimated by CEQ. 

No attempt was made to forecast 1977 and 1983 using buftt-up 

S S SS;e 4 .«; fl ?Q^ H ?r end ? en factor ' ener sy costs in the future (based 
on constant 1972 dollars) are directly proportional to dollar costs 
or operations and, for example, are expected to double by 1981 The 
problem with the coefficient is that it is based on the structure of 
the economy in the 1960's, whereas in the 1970's the trend toward tertiary 
treatment brings much more Intenslveuise of electricity and chemicals 
(and probably much more automation) than has yet been experienced 
Hence, the use of the coefficient introduces basic uncertainties as to 
its real application. 



Total Capital Energy. The acts of construction involve- considerable 
energy expenditure, and a Herendeen facton^of 75,000 Btu/$ #63 to 
represent con&t«iction of public utilities is suggested.- One problem *"\ 
with this co^ffi ctejit ,1s that a significant portion of municipal I 
wastewater -System costs are for sewer pipe and excavations for gatherinq 
lines ana storm drains, which are lower in energy consumption than ' 
treatment plant construction. The Michigan Study, however, applied the 
factor to the entire expected capital investment. Furthermore, the 
Investment base used (from CEQ sources) included interest and deprecation 
on total installed sewage plant at the given dates rather than cost of 
actual construction over a meaningful period, ■$ 

■ ( ' ' ' 

National Commission 

Table 11-19 of the National Conmission report lists energy for the 
operation andjislntenance of publicly .owned treatment works Energy 
given in thousand of barrels of oil equivalent per day has been converted 
to trillions of Btu in Table A-l of this Appendices. 

There is no discussion of the energy ejtlmates for municipal 
wastewater treatment in the National Commission study. 
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COMMENTS ON OTHER ESTIMATES OF ENERGY CONSUMPTION 

FOR 

INDUSTRIAL WATER POLLUTION CONTROL 

■ > ' ' \ 

DSI (old) 

Th§, methodology employed 1n the earlier DSI study was nearly 
the same as that used for the new one. The major causes of different^ 
results are revised estimates of the Investments needed for Industrial 
water pollution control. 



Heller Data 

One of the Heller Data summaries 1s a tabulation listing the 
"annual energy increase expected" for 1977 BPCfCA. Neither the source 
of these data nor the method of estimation Is provided with these 
summaries. The major consumers, excluding steam-electric power plants, 
are listed below, converting from kwh/yeaV to Btu/year using an overall 
electric thermal efficiency of 32.5 percent, or 10,500 Btu/kwh: 

Annual Energy Increase 10 12 Btu/year 

Pulp and Paper 22.0 

Fertilizer ' 

Non-ferrous r (alum1nuni} 15*0 , 

1 Petroleum , 
" Organic Chemicals 
Iron and Steel 

Inorganic Chemicals 3jl£ 

74,2 

Total all Industries - 

(excluding steam-electric power plants) M.Uo 

It 1s assumed that the above represent the direct energy consumption 
(fuel and electricity) only and do not Include the energy associated 
with chemical consumption, residuals disposal, and capital construction. 



RPA Study ' • 

RPA's study gives a 1977 national total for 26 proposed effluent 

guidelines of 4Cs000 BPP (85 x 10« ^^' f ^ t K?^^ ^ 
estimation methods are not Included. It 1s noted that It comparts 
almost exactly with Heller's figure. 
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Michigan Study 



The Michigan Study presents an estimate of total energy— defined 
as fuel, electricity, and the energy associated with chemical 
consumption, material flow, and capital construct. This Is done by f 
examining a few examples of end-of-plpe pollution control technology 
to determine the relationship between total energy and the operating 
and maintenance (Q&M) cost and then projecting this to the national 
level. The method Is described briefly below. 

Electricity Is converted to thermal units using an efficiency 
of 30 percent (11,400 Btu/kwh). Fuel energy values are used directly 
without adding the energy required by the energy- producing -Industries. 
Lime was determined as representing two-thirds of the total chemical 
usage and, thus, its energy value of 0,17 x 1Q 6 8tu/$ (1968) was used 
for all chemicals. Capital construction was charged with an energy 
consumption of 60,000 Btu/$ capital (1968), subject to 15-year 
depreciation. Two examples were then developed from activated sludge 
treatment plant data. One for sewage treatment gave 0,14 x 1q6 Btu/$ 
0&M (1968) .plus fuel, and a mixed sewage-paper mill treatment plant 
gave a value of 0.19 x-10 6 . For an organic chemical Industry example, 
they report a value obtained from the Dow Chemical Company of 0,2 x 10 6 
Btu/$ 0&M (1968), excluding capital construction energy, but no 
supporting data are included. They conclude from these few examples 
that a large, well-operated treatment plant will expend In total energy 
0,2 x 10 6 Btu/$ O&M (1968) and recommend that this be applied to all 
Phase I Industries. While this approach has considerable appeal 
because of Its simplicity, an inadequate number of different industries 
were examined to permit Its application on a national scale with any 
degree of reality. 

A second point of criticism is their estimation of the operating 
and maintenance cost as being 1/6 of the capital cost o? a pollution 
control facility. This was determined from the figures given in the 
1972 Economics of*Clean Water, which reports $12 billion (1971) total 
Industry expenditure to meet the effluent guidelines and $2.4 billion 
annual costs. The Michigan Study treats the latter as almost all 0&M i 
costs ($2 billion), stating that part, but not the major part, of this 
Is interest and depreciation (a review of tjfietl972 Economics of Clean 
Water shows that this assumption is incorrect). 

The Michigan Study has thus estimated the national energy usage 
from this H billion 0&M costs, and an enerqy„coefficient of 
0.2 x 10 b Btu/$ 0&M (1968), to give 400 x lO 12 Btu/year in 1977 for all 
industries except steam-electric power plants. 
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National Commission Study 

The National Conmlsslon study lists energy requirements by 4 
Industrial sector, as was done 1n this report. However, assumptions 
and methodology used to obtain the data are not reported. /The/ 
Information 1s apparently taken from contractors' teehnoldQy/ 
assessments of each sector, and analytical procedures (and jquallty} 
may vary widely. There Is no way to assess the accuracy of the 
findings. Estimates of energy for Industrial water pollution .control 
are found 1n the National Commission report Table 11-35. 
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COMMENTS OF OTHER ESTIMATES OF ENERGY CONSUMPTION 

FOR 

INDUSTRIAL AIR POLLUTION CONTROL 



DSI (old) 



The methodology for the earlier DSI study was nearly the same as 
for the new one. The di fferences between, results of the 61d and 
new study are almost entirely due to different projections of 
Industrial Investments for air pollution control. 



Michigan' Study ' ' 

The Michigan Study, In which particulate removal- was taken as 
the major control process, other than Industrial fuel comb jst ion, gives 
a figure of 6 x 10® kwh/year (6.9 x 10 12 Btu/year) for thi national 
energy requirement for industrial air pollution control. 

This Is based on electrostatic precipitators, cyclones, and 
baghouse filters, a total industry particulate emission for 1970 of 
13.3 x 10° tons/year, an average loading of 5 gr/SCF, and 1.3 BHP/foOO 

The estimate is very much on the" low side, for ft considered only 
low energy control equipment; whereas, 1n fact, many Industries require 
high pressure drop scrubbers to meet the air standards. It also 
ignores scrubber pumps'and the requirements of absorbers and adsorbers 
which are characteristically large energy users. 

- For the energy required for industrial fuel combustion, the Michigan 
Study gives 0.17 percent of 1970 national total of 69 x 10 15 Btu/year or " 
117 x 1012 Btu/year. Adding thetr estimate for particulate removal then 
gives a total of 124 x 10 12 Btu/year. . 

For comparison, Hirst gives a total national energy usage for 
power plants, furnaces, cement plants, incinerators, and fossil fuel 
cleaning facilities of 39 x 10 y ifWh/year, or 410 x 10*2 Btu/year. 
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